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FOREWORD 


Itils  program  has  bean  conducted  at  Midwest  Research  institute ,  425  Volker 
Boulevard,  Kansas  City,  Missouri,  64110,  under  Contract  No.  P04611-67-C-0079  (Mid¬ 
west  Research  Institute  Eroject  No.  S044-C)  and  covers  the  period  1  February  1967  - 
31  January  1968.  Project  personnel  have  consisted  of  Dr.  Edward  W.  Tjawless,  who 
served  as  project  leader.  Dr.  Thomas  Lapp  and  Miss  Hope  M.  Howard,  all  under  the  gen 
eral  supervision  of  Dr.  Albert  D.  McElroy,  Head  of  MRl's  Hiysical  and  Inorganic 
Chemistry  Section.  Drs.  Lapp  and  Lawless  contributed  the  chapters  on  organic  and  in 
organic  derivatives,  respectively,  and  Miss  Howard  prepared  the  physical  properties 
tables  and  provided  general  assistance  in  document  acquisition,  control  and  publica¬ 
tion.  Dr.  Iftrold  Orel  reviewed  the  mainuscrlpt  editorially.  Lt.  C.  S.  Stone, 

Lt.  Thomas  E.  McCann  and  Dr.  L.  Quinn  have  served  as  R:*oJect  Engineers  for  the  Air 
Force  Rocket  Propulsion  Laboratory. 

under  a  previous  contract.  Midwest  Research  Institute  completed  and  dis¬ 
tributed  two  reviews  related  to  the  advanced  propellant  ingredients;  "A  Critical 
Review  of  the  Chemisti'y  of  Advanced  Oxidizers,  Volmnes  I  and  II"  (31  December  1935) 
and  "A  Critical  Review  of  the  Chemistry  of  Advanced  Fuels"  (l  March  1966).  Because 
of  the  continuing  research  on  such  materials  and  the  Air  Force's  interest  in  ad¬ 
vanced  propellant  chemistry,  the  present  review  program  was  initiated  with  the  ob¬ 
jective  of  preparing  three  annual  supplements  to  the  previous  MRI  reviews.  Because 
of  funding  cutbacks,  this  program  was  terminated  diiring  the  first  year,  OMs  review 
therefore  covers  only  a  portion  of  the  propellant  chemistry  included  in  the  previous 
review. 

Publication  of  this  report  does  not  constitute  Air  Force  approval  of  the 
report's  findings  or  conclusions.  It  is  published  only  for  the  exchange  and  stimu¬ 
lation  of  ideas. 

This  technical  report  has  been  reviewed  and  is  approved. 

W.  H.  EHEJjKE,  Colonel,  USAF 
Chief,  Propellant  Division 
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ABSmCT 


This  crevlew  s-ummarlzes  much  of  the  chemistry  of  advanced  oxidizers  which 
have  been  reported  since  the  completion  of  the  previous  MRI  report,  "A  Critical  Review 
(■if  the  Chemistry  of  Advanced  Oxidizers,"  Volumes  I  and  II,  31  December  1965,  which  was 
prepared  for  the  Advanced  Research  Projects  Agency  under  Contract  DA-31-AR0(D)-18,  Mod. 
Ho.  2  &  3.  The  present  review  covers  the  areas  of  inorganic  H-F,  Cl-F  and  0-F  oxi¬ 
dizers  and  organic  NF  oxidizers  with  N-containing  functional  groups,  or  N-N  bonds. 

Other  advanced  oxidizers  and  advanced  fuels  which  were  described  in  the  previous  review 
could  not  be  covered  in  detail  in  the  present  review  because  of  contract  termination, 
but  properties  data  and  literature  references  are  tabulated  for  all  types  of  advanced 
oxidizers.  These  tabulations  include  physical  properties  data  on  170  compounds,  thermo 
dynamic  data  on  93  compounds  and  spectral  information  on  239  compoimds.  The  review 
contains  29  tables,  595  references  to  technical  reports  or  papers  presented  at  symposia 
210  references  to  open  literature  publications,  and  236  pages. 
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I.  irr-TRODUCTION 


The  intense  research  effort  on  advemced  oxidizers  and  fuels  during  the 
period  1955  -  1965  has  recently  been  critically  reviewed  (284a).  Although  Govern¬ 
ment  support  of  advanced  propellant  chemistry  has  since  been  much  reduced,  a  sub¬ 
stantial  number  of  sponsored  programs  have  continued  and  new  research  results  are 
reg’alarly  appearing  in  the  literature  from  industrial,  academic  and  foreign  labo¬ 
ratories.  Hence,  the  objective  of  this  program  was  to  provide  three  annual  supple¬ 
mentary  critical  reviews  of  the  chemistry  of  advanced  oxidizers  and  fuels.  Be¬ 
cause  of  the  abrupt  contract  termination  during  the  first  year,  the  scope  of  this 
supplement  was  necessarily  reduced  to  those  chapters  most  nearly  completed.  This 
supplement  is  not,  therefore,  to  be  considered  a  complete  review,  even  for  the 
chapters  Included.  Also,  the  recent  flood  of  published  papers  resulting  from  de- 
classification  of  much  of  the  oxidizer  chemistry  could  not  be  fully  integrated. 

In  order  to  make  this  document  as  useful  as  possible  to  the  reader,  extensive 
bibliographies  have  been  made  of  technical  reports  received  for  review  and  of 
published  papers  noted  in  literature  searches. 

In  general,  the  text  is  limited  to  coverage  of  one  area  of  organic  CNF 
oxidizers  and  the  inorganic  ISTF,  GIF  and  OF,  oxidizers.  The  properties  tabulations 
include  all  data  accumulated  on  oxidizers  and  fuels.  The  organic  oxidizer  area 
describes  NF  compounds  with  N-containing  functional  groups  or  M  bonds.  These 
chapters  summarize  reactions  of  compounds  which  have,  in  addition  to  their  MFg 
content,  one  or  more  of  the  following  IT-containing  groups  or  structural  elements; 
amide  (-C(=>0)N<),  Mldine  |'-C(=<N)nO>  amine  (-NHo)^  biguanide  (>N-C(=N)]!rC(=N)N<)> 
biguanldine  (iNC(=N)i!r-NC(=N)NC),  biurea  (>NC(w0)n-NC(=0)Nv)>  cyanamlde  (JN-CN), 
cyanide  (-CN),  dicyanamide  (-N(cn)2)>  fluoramine  (NFH),  fluorimine  (*NF), 
guanidine  (>NC(='N)N<),  imine  (>C=N),  isocyanate  (NCO),  or  urea  (>WC(eO)NC);  K- 
containing  rings  such  as  piperidine,  pyrrolidine  or  triazine,  N-N,  N=N  and 
N-NOg.  This  portion  is  arranged  into  chapters  divided  according  to  the  follow¬ 
ing  general  classes:  (l)  amines,  (2)  cyanides  (nitriles),  (3)  amides,  (4) 

Imines,  and  (5)  NH  bonded  compounds. 
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CHAPTER  I 

ORGANIC  HF  COMPOUNDS!  AMINES.  PLU0RAMINE5.  ARP  AMINE  FLUORmATlONS 


I-A. ,  Amines  and  Fluoramlnes 


Relatively  few  investigations  have  been  conducted  using  fluorine-contain¬ 
ing  amines  because  of  their  strong  tendencies  to  eliminate  hydrogen  fluoride  or 
dlf luoramine . 

The  format''lon  of  1:1  cora,plexes  and  amine  salts  has  been  reported  for  a 
limited  number  of  amines.  Tris(difluor3mino)methylamine  (code  name:  Tris-A)  was 
found  to  form  a  1:1  complex  with  trlphenylphosphine  oxide  (85b).  Addition  of  a 
solution  "if  perchloric  acid  in  ethanol  to  2,2' ,£"-trla(dlfluoroamino)trlethylamine 
resulted  in  the  fomation  of  a  white  hygroscopic  solid,  which  probably  is  the 

normal  amine  perchlorate  salt:  (NF2CH2CH2)3NiPc104  (268).  The  reaction  of  exist¬ 
ing  amine  salts  in  acetic  acid  with  tetrafluorohydrazine  has  been  utilized  for  the 
production  of  2,3-bis(difluoramino)propylmethylammonium  perchlorate  (code  name: 
AMAP-A)  from  the  corresponding  2-propenylmethylammonium  perchlorate  (176).  In  an 
analogous  reaction,  the  same  Investigators  also  produced  3,4-bis (difluoramino)- 
butylamraonlimi  perchlorate  (code  name:  BAP-A); 


®  G 

CH2-CHCH2CH2NH3CIO4  +  N2F4 


acetic 
acid  ^ 

r.t.  ' 

16  hr. 


0  e 


FoNC 


H2CHCH2CH2NH3CIO4 

ib'o 


(176) 


BAP-A 


In  addition  to  tetrafluorohydrazine,  difluoramlne  (HNF2)  has  also  been  utilized  in 
the  preparation  of  fluorine-containing  amine  salts,  as  wel].  as  the  free  amines. 


The  reaction  of  a  ya?  ,a»chloro-(difluoraminO' 
dif luoramine  in  BF3,  followed  by  treatment 
propylamine  hydrochloride  (451a,  453). 


H 

I 


( 2-methoxy-2-aziridyl  )-tolUv'5ne  with 
with  dry  HCl,  produces  the  substituted 


OWs  ®  © 

C — ^-CH2NH3  Cl 

61  NFg 


In  a  similar  manner  the  reaction  shown  below  resulted  in  hydrolysis  insteac  of  the 
anticipated  product  (449). 
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Using  HNFg  In  fvaning  sulfuric  acid,  N,N-dlfflethyl-4-plperldinluni  methylaulfate  can 
be  converted  to  the  corresponding  N,N-dimethyl-4,4-bls(  difluoraraiho)piperidlniuin 
mathylsulfate .  The  product  was  Identified  in  the  reaction  mixture  but  all  attempts 
to  Isolate  the  pure  material  were  unsuccessful  In  a  similar  manner,  HNFg 

in  96^  HgS04  readily  converts  N,N'-bla(methanesulfonyl)-l,a-dihi''drcxyethylenediamine 
to  the  corresponding  l,S-bis(dlfluoraoino)-substituted  compoimd  (270).  Treatment  of 
ammonium  chloride  with  dlfluoramine  in  a  37^  formalin  solution  resulted  in  the  for¬ 
mation  of  2,2' ,&"‘‘trls(dlfIuoraffllno}trimethylaffline  (code  name:  TMUA.)  (269). 

The  reaction  of  dlfluoramine  with  substituted  piperazine  compounds  has 
been  investigated.  These  results  are  summarized  in  Figure  1  (267a,  268,  269,  270). 
Ihe  underlined  percentages  indicate  the  yield  for  that  reaction. 

4-Difluoramlno-4-dlfluoreminom6thyl-l,3-dioxolane-2-one  was  produced  by 
the  treatment  of  a  difluoramino-substltuted  tetraoxaspiro[2.2]nonane  with  difluor' 
amine  (453). 


Fa  Fa 

FgKHgC-C-O^yO-C-CHgNPg 
HgC-O  \i-CH2 


Tris(difluoramino)fluoramlnomethane  (code  name:  H-Delta)  reacts  with  HNCO  to  yield 
multiple  products  as  shown  below  (29l); 


F 

(Nrg)3CIIPH  +  HNCO  _S:|S — ^  FgNCNFg  +  HNFg 

“20  C 

( code  name :  EFXJ ) 

Dehydrofluorinatlon  of  difluoramino-substltuted  oompounf’s  to  produce  the  corres¬ 
ponding  fluorlmlno-  compounds  has  been  reported  for  a  number  of  materials.  These 
reactions  are  summarized  in  Table  I. 
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(CHOg'SHgO  +  CKsSOgimg  — 2!^ 


HNP, 


f»oi  H, 


ifipcT 
16  fir. 


gOgCH, 

««f  >«« 

40gCH3 

(BMSTH?) 

|CH.§0§CH. 
®^dHsS04 


lOTa 

Hg804)  ♦  hr. 


fOsCHjp 

CKsfi^N-^Ws 

0  40gCHj 


HWg.  HSOjCl,  4  hr. 

WWB*.  .  Ufln-F'T  1  h. 


p.? 

HNP^ 

"8®®4  \  sa 

^OgCllj 

1 

gOgOHs 

'NTo 


SOgCHs 

(DWTOP) 


i 


IHOTg 

'Hs304 


sNP 


n.r. 
ar. 


n.r. 


A»l)oclat«d  Reatitloni 


HO 


s 

CHO 

I 


~'^'hr'!*  *  ''•'■.!  add  HgSO^  -  rapeat  -  n.r. 


CHO 


H0-^„-^OR 
ORO 


°»  +  HNFg  ,  , 

9hr.;r.t.  FgK^kjj^NFg  (3^11 


^  -Sjjhrg 

tno 


73< 


+  TFP 

smal 
yield) 


4 

CONFIOENTIAL 


-..1.  <•  —-**,>.  ^ 


CONFIOENTUL 

lABLS  Z 

DEHYPROFLUORimTIOW  REAOTIOWS 


Starting  Compovtnd 


Rroduet 


Oondltlona 


M 


0  yN 

GH3oS(CH2)3C^| 

tl 

Fs  Fs 

F  F 

CHjC! — CHCH2CHgCl 

GH39 — C-CH-CH2 

Et3N  in  CHgClg 

Cl 

NFg 

at  0“C 

CH3PCH2NP2 

F2 

CH3CCN 

Et3N  in  xylene 

NFg 

NFg 

at  r.t. 

ri-C4H90CHCHgNF2 

F 

n-C4H90CCN 

BtsN 

NFg 

F2 

MF 

It 

CH5OCHCH2NF2 

CH20CCN 

1  F2 

NF 

1  It 

Norlte-A  in 

CHOCHCHgNFa 

OiOCCN 

CHgClg 

1  pg 

CH2OCHCIH2NP2 

CH20CCN 

NF 
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Ref. 

(441) 

(441) 

(441) 

(441,447) 

(447) 

(449) 

(449) 


( code  name :  TVOPA ) 
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TABLE  I  (Concluded) 

starting  Convpound 

Broduot 

Conditions 

Ref. 

F  F 

^CNFg  +  ilJCF 

(tentative) 

strong  base 

(554) 

CT 

strong  base 

(354) 

k^-KlIFj 
^  H 

cc-cc 

^  NFg 

Amberlite  lR-45 
in  CHgClg 

(354) 

(tentative) 

CH3(CH2)5CH(NPg)2 

CH3(CHg)4CH--C-NF 

strong  base 

(354) 

CHO 

F2N^]Sr^nr2 

F2N'^^]j'^ni’2 

CHO 

(DFTDP) 

no  reaction 

metal  hydrides 
i.e.;  LiAlH^ 
also:  NaBH^, 
PtOg,  LIBH4 

(S66) 

OT’g 

FHn6nHF' 

NFg 

SIF4  +  HMFg  +  others 

PgOs  at  r.t. 

(291) 

6 
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Hie  reaction  of  l,S-bls(dlfluoraiQlno)cyQlohexane  with  fluorsulfonlo  acid 
at  -80*C  resulted  in  nitrogen  Insertion  via  a  ring  opening  and  closing  process 
(46). 


I-B.  Amine  Fluor Inatlons 


Early  attempts  to  fluorlnate  amine-N-oxides  usually  resulted  in  a  vigorous 
reaction,  but  no  stable  NF  or  KOF  compounds  could  be  Isolated  (Grit. Rev.  I,  284a). 
Recent  investigations  have  shown  that  the  room  temperature  reaction  of  dif luoramlne , 
using  fuming  HgSO^  as  a  catalyst  and  CHgClg  as  a  solvent,  with  3,4-diacetyl-l,2,5- 
oxadiazole-2-N-oxlde,  produced  3,4-bis[l,l-bis(dlfluoramino)ethyl]-l,S,S“Oxadiazole- 
2-N-oxide  (451a).  The  same  product  was  also  obtained  if  chloroform  was  used  as  the 
solvent  instead  of  methylene  chloride  (453).  If  Amber Iyat-15  was  added  to  the 
methylene  chloride  reaction  mixture,  the  product  formed  was  4-acetyl-3-[l-dlfluor- 
amino-l-hydroxyethylJ-l,2,5-oxadlazole-2-N-oxlde  (451a) . 

The  use  of  elemental  fluorine,  an  effective  fluorlnating  agent,  very  often 
resulted  in  degradation  of  the  starting  material  suid  a  complex  mixture  of  products. 
This  can  be  illustrated  by  the  results  of  the  reactions  shown  below. 


^  mixture  of  NOCl,  2  unident. 

CI^ONHg-HCl  +  Fg/He  J?,  ,  >  Gig  +  SiF^,  +  nitrogen  +  products  (251) 

6  hr.  oxides 

stirred  bed 


iP 

NOGHgCNHg-HGl  +  10%  Fg/llg  9> 

3  hr. 


complex  mixture  including 
(NFg)2CFCH0 


(294) 


NH  ^  unident. 

KHgCSOgH  +  10%  Fg/Ng  SOgFg  +  GF2(IIFg)g  +  NFgSOgF  + 'product '  (294) 

^ '  ( small  ( small 

amount )  amount ) 


Elemental  fluorine  has  been  utilized  for  the  fluorination  of  some  aromatic  systems; 
however,  the  degree  of  fluorine  substitution  is  often  difficult  to  control.  The 
reaction  of  1, 3, 5-triamlno-2, 4-dinitrobenzene  with  fluorine  in  liquid  hydrogen 
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fluoride  at  -S8*C  gave  1,2, 5,4,5, e-hexafluoro-l,S,5~trls(difluoraiiilno)-S,4i-dlnltro- 
cyclohexane  as  the  major  product  with  only  small  qusAtltles  of  perfluoroanlllna 
(497).  With  2,5,4,5,6-pentafluoroanlllne,  a  dlmerlsation  occurred  upon  treatment 
with  fluorine  In  CH5CN  at  -55 *0  to  yield  N,N'-(perfluorophenyl)fluorohydra8lne  as 
the  major  product  with  only  small  quantities  of  perfluoroanlllne  (497).  In  liquid 
hydrogen  fluoride,  fluorlnation  of  5,4-dlamlno-l,2,5-oxadlazole  resulted  In  the 
formation  of  an  unidentified  polymeric  material  (497). 

Cesium  fluoride  at  90*C  was  used  to  fluorlnate  CFjNHP  to  a  mixture  of 
CFp-NF  and  CFjH-— CFg  (29G). 

J 
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CHAPTIR  II 

CYANIDES  (NITRILES)  AMD  ISOCYANATES 


II-A.  Cyanides  (Nitriles) 

A  large  number  of  nitriles  containing  difluoramino  groups  have  been  pre¬ 
pared  by  reacting  NgE^  with  the  appropriate  olefinlc  compound.  The  direct  fluorina- 
tlon  of  nitriles  and  addition  of  selected  nitriles  to  FPO  have  also  been  utilized 
as  methods  of  preparation. 

The  photolysis  of  a  mixture  of  cyanogen  and  NgF^  proceeded  at  room  tem¬ 
perature  to  yield  a  mixture  of  perfluoroethylenediamine  and  2,2-difluoro-2-difluor- 
aminoacetonitrile  (220a). 

A  detailed  study  of  the  kinetics  of  the  reaction  of  the  two  isomers  of  n- 
butoxycyanoformamidine  with  potassium  fluoride  dihydrate  in  methanol  has  been  studied 
(453). 


^  /  \  /'  \ 

N  N  Kr-2HgO  N  N  N 

n-BuOCCN  +  n-Buo{3cN  — *  n-BuOCOCHj  +  n-BuOftoCHj  +  n-BuOCC=NH  +  HCN 

(isomer  l)  (isomer  2)  ^  icHj 


The  rate  of  disappearance  was  found  to  be  first  order  with  respect  to  both  Isomer  (l) 
and  iscmer  (2).  Graphical  analysis  of  the  change  in  rate  constant  as  a  function  of 
temperature  showed  an  activation  energy  for  isomer  (l)  to  be  15.9  Kcal/mole,  while 
that  for  isomer  (2)  was  found  to  be  14.2  Kcal/mole. 

A  number  of  studies  on  the  reactions  of  substituted  cyanofluoroformaroidines 
(453,  455)  have  been  conducted.  Selected  examples  of  these  reactions  are  given  belowt 


NF  0  OR' 

RCCN  “iqH  *  RN=C(0R')g 


R  ■=  phenyl  or  £-chlorophenyl 
R'  =  methyl  or  ethyl 


CONFIDENTIAL 


CONFIDENTIAL 


NF 

c„h„1!cn 

6  5 


KF 


CHjOH 

lalso  for  KCN 
in  EtOH 


C„H  CN 
6  5 

(minor) 


FN  NH 

+  CgHgC-C-OCH^ 


I  HCl;  HgO 


CgHgC-CN  +  n-BuMgBr 


CH3OH 

(also  for  ethyl  ester) 


EtgO 


CgHgCoN-n. 

CN 


,-Bu 


FN  0  « 

CgHgfi-C-OCHj  - 22i 


CH3OH 


CgHgCN  +  0=C(0CH3)g' 


Dimethylformamide  has  been  found  to  decompose  tris-(difluoramino) acetonitrile  (code 
name;  RN)  in  the  presence  of  NaCN  at  room  temperature  to  an  unidentified  compound, 
containing  a  tris-(difluoramino)methyl  group  (293).  Recent  studies  have  shewn  that 
the  conversion  of  a  perfluoronitrile  to  a  difluoramino-substituted  perfluoroether, 
via  an  amidine  intermediate,  can  readily  be  itiade  (497). 


NF 

tl 


1)  NH^  11  Fg,  NaF 

GFsCFgCFgCN  - >  CFgCFgCFgCNHg.HCl  — CFsCFgCFgCNFg 


F2 

CgF^^COCH 

NFg 


^  10^  Fp/Np 

-35®C 


CH,0H 

coil 


r.t. 

72  hr. 


pn 

C3F7COCH3I 
NFo 


II-B.  Isocyanates 

In  the  synthesis  of  tetrakis(difluoramino)methane  (code  name;  Delta) 
cyanic  acid  was  condensed  with  perfluoroguanidine  (code  name:  EFG)  at  -S0*C  in  the 
presence  of  0.2  -  0.5^  pyridine.  The  resulting  compound  (NFg)2C(NrH)NC0  (code 
name:  Adduct)  was  then  fluorinated  under  mild  conditions  to  yield  a  mixture  of  tris- 
(difluoramino)aoetonitrite  (code  name;  Tris-l)  and  Delta,  In  recent  work,  numerous 
studies  have  been  conducted  on  the  reaction  of  the  two  other  products  of  this  reac¬ 
tion;  Adduct  and  Tris-I.  Adduct  was  found  to  undergo  a  catalyzed  rearrangement  to 
yield  trifluoroguanyl  isocyanate  (code  name;  TFGl)  and  difluoramine  (85b).  Several 
catalysts  were  utilized  in  this  study  and  100^  HgSO^  was  found  to  produce  the  best 
yields.  Among  the  other  catalysts  were  NaF,  a  mixture  of  KCN  and  KOCN,  and  a  mix¬ 
ture  of  KSCN  in  liquid  SOg.  Sodium  fluoride  was  unsuitable  since  it  deactivated 
quickly  and  produced  many  side  products.  Neither  of  the  two  mixtures  produced  any 
appreciable  conversion.  A  number  of  typical  reactions  of  Adduct,  TFGI,  and  Trls-I 
are  shown  in  Table  II, 
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TABLE  II 


REACTIONS  OF  ADDUCT.  TFGI. 

AND  TRlS-I 

Reactant 

Products 

Conditions 

Reference 

(NF2)3CKC0 

Code  Name:  Tris-I 

0®As^3 

(NFg)3CNHg  +  others 

CgHg,  0NCO,  r.t.,  1  day 

65a 

no  reaction 

CgHg, HCl,  r.t,,  6  days 

85b 

NH3 

0 

(NF2)3CNHyNH2 

Et20,  2  hr, ,  r.t. 

85b 

CHg=CHCHgOH 

0 

CH2«CHGHg0&raC(NFg)3 

r.t, ,  17  hr. 

85b 

HgO 

(NF2)3GNH2 

PC4-11,  r.t.,  5  days 

86 

HF 

0 

(NF2)3CNH^F 

CsF,  r.t.,  7  days 

293 

ip 

NFg-C-NCO 

{ 

Code  Name ;  TFGI 

HgO 

NF 

NFgJjNHg  +  COg 

r.t. 

65a 

HNCO 

N-F  containing  oil 

KSCN,  0®C,  18  hr. 

85b 

KFgC-NHg 

ip  0  ip 

NFgCNHCNHCNF 

03PO,  CgHg 

85c 

CI^OH 

f  fl 

NFgCNHCOCHj 

0*C,  1  day 

85c 

NF3 

F"  9 

NFgCNHCNHg 

EtgO,  -78 'C 

85c 

(several  isomers) 
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TABLE  II  (Concluded) 


Reactant 

Products 

Conditions 

Reference 

pH 

3.  (NFg)gCNCO 

Code  Name;  Adduct 

NOCl,  HCl 

0  Cl 

(nf„)„cfnhcci  +  (m  )^c'' 

2  2  2'  2  \ 

NCO 

Not  stated 

594 

NOF 

(NF2)2CFNC0  (50^) 

r.t.,  16  hr. 

594 

In  addition  to  those  reactions  listed  in  Table  II,  the  tris(difluoramli!i))  “ 
acetonitrile  molecule  has  been  the  subject  of  numerous  other  studies.  Reaction  of 
Tris-I  with  pyridine  led  to  the  formation  of  a  solid  product  which  has  not  been 
positively  Identified  (asa).  A  partial  analysis  of  the  solid  material  has  shown  that 
the  Tris-I  and  pyridine  are  in  a  ratio  of  1:1.  The  structure  has  been  suggested  to 
be  one  of  the  two  shown  below: 


Further  reaction  of  the  Tris-I  pyridine  complex  with  acetic  acid  resulted  in  the  forma¬ 
tion  of  Tris-A,  acetic  anhydride,  pyridine,  and  CO2  (85b).  The  products  were  iden¬ 
tified  by  NME  and  not  isolated  from  the  reaction  mixture.  Hydrolysis  of  Tris-I,  using 
quinoline  as  a  catalyst,  leads  to  the  formation  of  Tris-A,  which  upon  further  treat¬ 
ment  with  OFg  in  Kel-F  oil  at  room  temperatiu'e  for  22  hr.  resulted  in  the  decomposition 
of  the  Tris-A  to  perf luoroguanidine  (code  name:  PFG)  and  silicon  tetrafluoride  (l5a). 

Although  Tris-A  does  not  react  with  triphenylphosphine  oxide,  it  does  undergo 
a  condensation  reaction  with  a  similar  molecule  (85a). 


(1^2)20^00  + 


♦ 


r 

V 


0"C,  76  hr. 
NOCl, 

0®C,  5  days 


n.r . 


n.r . 
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Attempts  to  further  fluorinate  Tris-I  with  HF,  using  trisnethylamirie  as  a  catalyst, 
at  room  temperature  for  5  days  were  unsuccessful  (293) •  An  explQ^tiKe  mixture  is 
formed  when  Tris-I  and  n-BuSnOCHa,  condensed  together  at  low  temperature,  are 
allowed  to  warm  to  roomT'temperature  (86).  Addition  of  methanol  to  Tris-I  results 
in  esterification  to  yield  (NF2)3CNHC02CH3  (294).  Fluorlnations  of  the  eater  with 
either  a  10^  Fg/Ng  mixture  at  0*C  or  100^  Iq  at  room  temperature  were  unsuccessful. 


The  incorporation  of  Trls-I  into  polymeric  materials  has  been  the  subject 
of  a  number  of  studies.  Among  the  species  utilized  as  potential  prepolymers  were 
ethylene  oxide,  ethylenimlne ,  and  allyl  alcohol. 


(NF2)3CNC0  +  HgC— pHg  StgO-C^H^  ^ 


-78‘ 


-j-cHgCHg^ 

17  hr. 


KNFg)3C^C=0 
H 


(85b) 


(NF2)3CNC0  +  CHg^CHCHgOH  — - >  CHg=CHCH20CNHC(OT'g)3 

17  hr. 


0 


100  ®c 


24  hr. 

59^  yield 


CHgCH' 


(594) 


CHgOCNHC(OTg)3 

0 


(■OT2)3CNC!0  + 


HgC. 


-CH, 


pyridine 


also  for:  TFGI 


0 

(NF..),,C-NCH„CH-0C  +  others 
do  I  d  d  t 


(tent,  ident.  only) 


(85o) 


The  polymeric  material  prepared  by  the  second  reac:ion,  using  allyl  alcohol,  was 
found  to  decompose  at  approximately  200®C  and  to  have  a  molecular  weight  in  the 
range  of  429  -  1,165.  Catalysts  other  than  pyridine  have  been  attempted  in  the 
reaction  of  Tris-I  with  ethylene  oxide,  with  varying  degrees  of  success.  Sulfuric 
acid  as  a  catalyst  at  -23 ®C  produced  no  reaction,  while  fuming  HgSO^  at  -23 ®C  and 
SO3  at  -23®C  yielded  a  nonvolatile  unidentified  oil.  Without  a  catalyst,  using 
dioxane  as  the  solvent,  heating  the  mixture  to  45®C  produced  an  unidentified  oil. 
When  tetraethylammonlum  bromide  was  added  as  a  catalyst,  no  reaction  occurred.  If 
the  ethylene  oxide  and  Tris-I  were  allowed  to  react  at  room  temperature  without  a 
catalyst,  a  cyclic  condensation  product  was  among  the  products  (86). 
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(NT'g)2CNCO  + 


(®a)5<= 


>./ 


H2  C^^ti-NC(NP2)5 


+  othere 


Attempts  to  incorporate  Tria-I  into  a  polymeric  material  with  polyvinylamine  (PVAm) 
were  unsuccessful  (65c).  A  suspension  of  the  two  substances  in  SOg  +  EtgO  yielded 
no  reaction,  while  the  mixture  in  DMSO  at  room  temperature  exploded  after  l/2  hr. 
Reaction  of  Tris--I  with  2,3-epoxy-l-propanol  resulted  in  the  formation  of  the  cor¬ 
responding  epoxy-ester  (594)5  however,  further  treatment  of  the  ester  with  BF3  did 
not  produce  the  desired  polymerization.  The  use  of  polyglycidol  did  result  in  the 
incorporation  of  Tris-I  into  a  polymer  (594). 


HgC - CHCHgOH  + 

(NFg)gCNCO 

joCHg^HCHgOH  ^  + 

(NF2)3CNC0 

polyglycidol 

♦ 


0 

HgC - CHCHgOCNHC(  OT^,) 


•foCHoCH  ■ 


BF, 

♦  V  “■ 


2''3 


HoCC 


gC0CNHC(NFg)3 

V.  J 


Considerably  fewer  studies  have  been  conducted  on  the  reactions  of  tri- 
fluoroguanyl  isocyanate  (code  name;  TFGl) .  Like  Tris-I,  TFGl  did  not  react  with 
triphenylphosphine  oxide  in  benzene  after  16  hr.  at  room  temperature  (85a).  However, 
if  water  was  added  to  the  reaction  mixture  and  the  temperature  maintained  at  O’C,  the 
TFGl  underwent  a  dimerization,  and  the  resulting  product,  N,N' -bis(trifluoroguanyl)- 
urea,  formed  a  1:1  complex  with  the  triphenylphosphine  oxide  (85o), 


NF 

2J^2CNC0  + 


HgO 


SZ(,PO 


C6«6 


o*c 


NF  0  NF 

NFgCNHCNHCNF.,  •  03PO 
(code  name:  BTGU) 


COr 


No  reaction  was  observed  when  vinyl  isocyanate  and  Tris-A  were  mixed  in  methylene 
chloride  and  allowed  to  stand  at  room  temperature  for  3  days.  If,  however,  tri¬ 
phenylphosphine  oxide  was  added  as  a  catalyst,  a  polymerization  occurred  after  3 
days  (85c). 
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r 

CHg-CHNCO  ♦  (NPg)3Crrag - ►TCHgCH' 

CH2Cla  L  ^ICO; 


TVils  reaction  was  also  found  to  occur  If  quinoline  was  used  as  the  catalyst  in 
acBtjnltrlle  with  the  temperature  maintained  at  -20*C  for  1  hr,  (85o), 
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CHAPTER  III 


AMIDJa,  CARBAMATES  AJTO  UREAS 


The  various  types  of  eompounds  which  contain  the  -N-CO-  (amide)  group  are 
discussed  in  this  ^hapter;  included  also  are  th(j>se  containing  additional  oxygen  or 
nitrogenj  e.g.,  -N-CO-0-  (carhamate)  or  -N-CO-N-  (urea). 


III-A.  Amides 


Glyoxal  has  been  utilized  as  a  condensation  agent  with  eunldes  to  form 
amido- substituted  diola.  These  dlols  can  be  subsequently  reacted  with  difluoramine 
to  yield  the  corresponding  dlfluoramino- substituted  compounds.  In  this  manner, 
triflucroacetamlde  was  reacted  with  aqueous  glyoxal  to  form  lj2-bis(trifluoroacet- 
amldo)-l,?-dlhydroxy ethane.  Reaction  of  the  diol  with  difluoramlne  In  96^  sulfuric 
acid  led  to  the  replacement  of  the  hydroxyl  groups  with  dlfluoramino  groups  (269). 


0 

2CF3CNH2  +  (CH0)2 


0 

hociinh5cp3 

HOCHNHCCF3  ^2^°4 

0 


p 

F8NCNHc5cP3 

FeNCNlICCPs 

0 


If  the  original  amide  contained  unsaturation,  such  as  acrylamide,  the  reaction  with 
difluoramlne  also  occurred  with  the  unsaturated  portion  of  the  molecule  (270). 


0 

F2NCHNHCCH8CH2Nr8 

F2NlHNHCCH2CH2liIF2 

0 


(CKO) 2  +  2GHg=CHCirag 


HOCHNH&CH-CHp 

I 

H0CHKHCCH-CH2 


roiF2^ 

%S04“^ 


The  same  reaction  occurred  if  the  intemediate  diol  was  converted  to  the  methoxy- 
substituted  compound  and  then  treated  with  KNP2  (270).  Molecules  containing 
acetylenic  linkages,  such  as  propiolamide,  undergo  reaction  with  (CHO)^  and  HNF2  in 
the  same  manner  as  those  oontainlrjg  the  carbon-carbon  double  bond  (273).  If  the 
starting  compound  was  a  hydroxyl- substituted  amid.e,  which  also  contains  unsaturation, 
reaction  with  difluoramlne  or  fluosulfonic  acid  did  not  affect  the  unsaturated  por¬ 
tion  of  the  molecule  (271), 
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HOCHgNUCCH-CHg  +  HNr2 


98^  H2SO4 


0 

H 


(or  HSO3F) 


P2NCH2NHCCH-CHe 


Direct  fluorination  of  simple  substituted  amides  with  fluorine-nitrogen 
mixtures  often  results  In  decomposition  and/or  explosions.  Reaction  of  N,N'- 
methylene-bls-formamlde  with  10%  P2/N2  NaP  at  0®C  for  S  hr.  resulted  in  severe 
decomposition  of  the  starting  material  to  a  complex  mixture  containing  NP5»  C0P2» 
CH2PNP2  and  others  (998).  Likewise,  treatment  of  tris(difluoramino)acetamlde  with 
Zi)  P2/N2  at  0®C  resulted  In  an  explosion  (891). 


NOH  NF 

HPNH?  •HCIO4  +  FgNCOTp 
( PFG) 


urea. 
r  .t. 

1  hr. 


Pp/Np 

- = — 

-sec 


product 


The  product  of  the  above  reaction  could  not  be  isolated  from  the  reaction  mixture; 
however,  It  was  shoim  to  contain  a  tris(difluoramino)methyl  group.  Fluorination 
with  elemental  fluorine  using  liquid  hydrogen  fluoride  as  the  solvent  has  also  been 
a  successful  method  of  preventing  decomposition  (497). 


R 


The  product  N®,N^-dlfluoro- Isomelamine  dihydrofluoride,  hydrolyzed  to  give  COg  and 
unidentified  compounds  (497).  Hydrolysis  and  aminolysis  of  substituted  perfluoro- 
foniiamides  led  to  the  expected  products  (898). 


(MF2)2CFNFCF  +  H2O 
(NFg'^gCFNF^F  +  NHg 


r.t. 

25  rain. 
EtgO 

r!t.' 


NF2CNF2  (code  name:  PPG) 


Cyclic  compounds,  containing  difluoramlno  groups,  undergo  ring  enlargement 
upon  treatment  with  HKFg  sulfuric  acid.  Subsequent  reaction  of  these  cyclic  amides 
with  strong  base  resulted  in  ring  opening  (441,  451,  453,  455). 
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III-B.  Carbamates 

Carbamates,  and  related  compounds,  undergo  condensation  reactions  with 
glyoxal  in  the  same  manner  as  the  amides  (268).  Thus,  oxamic  acid,  methyl  carba¬ 
mate,  and  ethyl  carbamate  reacted  with  glyoxal  to  form  substituted  diols,  which 
were  then  further  reacted  with  difluoramine  in  sulfuric  acid. 


Y,  ,  .  NaHCOa 

NH2COCH3  +  (CH0)2  Vg'* 


0 

u 


HOCHieJOCHs 

HOCHUHCOCHj 

0 


HNFg 


0 

FgNCHMCOCHs 

FgNCHMHCOCHj 

0 


Direct  fluorlnatlon  of  N- substituted  ethylcarbamates  with  elemental  fluorine  in 
either  water  or  acetonitrile  resulted  in  complete  decomposition  of  the  starting 
material  (25l).  Treatment  of  N-tris(dlfluoramlno)methyl  allylcarbamate  with  5% 
benzoyl  peroxide  at  88 ®C  for  26  hr.  produced  an  unidentified,  brown,  viscous  syrup 
(85c),  Acid  hydrolysis  of  N-chloro-n’-tris(difluoramino)methoxy-ethylcarbamate  with 
70%  perchloric  acid  at  room  temperature  resulted  in  the  loss  of  the  chl.orine  to 
form  N-tris(difluoramlno)methoxy-ethylcarbamate  (291). 

The  formation  of  3,5-substituted-l,2,4-oxadiazoles  was  readily  accom¬ 
plished  by  the  reaction  of  ethylcarbamate  with  an  aldehyde  (451a). 
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III-C.  Ift’eaa 

The  reaction  of  glyoxal  with  nmerous  ureas  has  been  shown  to  be  analogous 
to  the  reaction  with  amides  (see  Section  A).  Substltuted-2-imidazolldonea  were 
initially  formed,  and  then  further  reacted  with  dlfluoramine  in  sulfuric  acid  to 
yield  the  corresponding  difluoramino- substituted  compounds.  A  brief  survey  of  these 
reactions  is  presented  in  Table  III. 

Mono- substituted  ureas;  Nitration  of  ureas  has  bean  attempted,  with 
nitric  acid  being  used  in  the  presence  of  sulfuric  acid  at  room  temperature.  The 
resulting  nitro- substituted  compounds  are  usually  unstable  at  ambient  temperatures 
(85b). 


The  above  reaction  has  been  attempted  with  trifluoroacetic  anhydride  as  catalyst 
instead  of  sulfuric  acid  (85b).  Within  1  hr.  at  ambient  temperature,  decomposition 
of  the  intermediate  product  resulted  in  the  formation  of  Tris-I,  nitrous  oxide,  and 
water.  Reaction  of  Trls-U  with  trifluoroacetic  anhydride  in  ether  for  3  days  at 
room  temperatiare  produced  acylation  on  the  unsubstituted  NHg-  group  (85c).  At  40 “C, 
trifluoroperoxyacetic  acid  in  methylene  chloride  did  not  undergo  reaction  with 
Tris-U  (85b),  and  the  addition  of  boron  trifluoride  resulted  only  in  the  formation 
of  a  BF3-Trls-U  complex.  Trls-U  was  found  to  react  with  triphenylphosphine  oxide 
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TABLE  III 


REACTIONS  OF  GLYOXAL  WITH  SUBSTITUTED  UREAS 


(CH0)2  +  RNH( 


:?NHR' 


!-R'  HNF2  ^ 
OH  H2SO4 


r-iK  '^R' 

PgN^ - 1^2 


Intermediate 


i-Pr,  i-Pr 
(or)  CH3,  CH3 


unident .  syrup 


9  ' 


(E  OH 


Product 

fs 

•N  N-CIHCH - 

^ —  f  NPg  tentative 
NPg  NFg  ident . 


0 

»  NFg 

R-r^  '^-CH 


Reference 


H, 


OH  OH 


H^-,  -^H  R-N'^  "^N- 
(in  basic  soL'n)  A  —  4 
excess  (CHO)^  HC)  OH 


HC-,  -Oh  r-n  n-h 

(basic  sol'n)  - A 

OH  OH 


N  N-R' 

“^1 - r 

NFg  NFg 


Fg  NFg 


R-W/^^N-H 
iIfo  NF, 


2  “'2 
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TABLE  III  (Qonoludtd) 


R.R' 


Intermediate 


Product 


Reference 


NHg 


HN 

(BDI)  ^ 


878 


*  If  HCHO  le  added  In  second  step,  S  is  retained  868. 
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in  methylene  chloride  at  ambient  teaperature  to  produce  a  white  solid,  which  was 
identified  as  the  1:1  complex  shown  below  (85c). 


2^3 


/FN 

p 


The  fluorination  of  ureas  has  been  attempted  with  urea,  itself,  and 
guanylurea.  Fluorination  of  \irea  with  HKF2  in  the  presence  of  sulfuric  acid  and 
trichloroacetaldehyde  (or  tribromoacetaldehyde )  resulted  in  the  formation  of  an 
intermediate  product,  which  did  not  undergo  further  reaction  with  HNF2  (271). 


0 

NHgCNHe  +  HNFg  +  CI3CCIIO 


HSSO4 


0 

♦  CI3CCHNHCINHCCCI3 

IjFg  NFg 


The  fluorination  of  guanylurea  sulfate  with  lO'jo  Pg/Ng  over  NaF  at  -7°C  for  8  hr. 
resulted  in  decomposition  of  the  starting  materials  to  PHJ  and  CF(NFg)3  plus  small 
amounts  of  other  products  (292). 

Dlsubstltuted  ureas:  An  improved  method  for  the  production  of  bis- 
[ tris ( dif luoramino )methyi] -urea  (code  name:  BTU)  has  been  reported  with  an  overall 
yield  of  49<^  (l62a). 


(NF2)3Ciroo  +  JiisK  +  HgO 


FsCCOgH^ 
C6H6  ^ 


0 

(KF8)3CKHCNHC(I]F2)3 

(BTU) 


The  use  of  tri(n-butyl)phosphine  oxide  has  been  attempted.  Preliminary  results 
indicate  it  may  provide  a  better  yield  than  the  t^’iphenylphosphine  oxide  currently 
being  used,  Dimethylsulfoxide  (EMSO)  has  been  found  to  decompose  BTU  to  produce 
Tris-A  plus  other  products  (85a). 

Cyclic  ureas;  Trlnitromethane  has  been  reacted  with  N-substituted  cyclic 
ureas  to  produce  the  corresponding  trinitromethyl- substituted  compounds,  which  were 
then  treated  with  dlfluoramine  in  H2SO4.  The  reaction  products  were  highly  de¬ 
pendent  upon  the  initial  purity  of  the  cyclic  urea  and  upon  the  quantity  of  tri- 
nitromethane  used  (271  and  272). 
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? 


CHTOCIb  a  CHgOCHs 

r^N 


He 

0.8  HC(N02)3 


+  HC(N02)3 

excess 


{? 


CH30CH2^^^C^^/H2G(N02)3 

H2Cv,o.J^2 

(I) 


HNFe 
H2SO4* 
-23 ‘C 


100*0 
3  hr. 


0 

( NOg  )3CCH«  a  ( NOe  h 


If  the  starting  material  was  not  carefully  purified,  the  reaction  with  excess  tri- 
nitromethane ,  followed  by  reaction  with  dif luoraalne ,  resulted  in  the  formation  of 
N-difluoraminomethyl-N'-2,2,2-trinitroethyl-urea  Instead  of  the  anticipated  product 
(978).  The  reaction  of  compound  (l)  from  above  with  difluoramine  in  Hg304  at  am¬ 
bient  temperature  and  autogenous  pressure  yielded  N,N'-tris(difluoraminomethyl)- 
N' - 2 , 2 , 2- trinitroethyl-ur ea  ( 272 ) . 

Nitric  acid  has  been  used  with  difluoramino- substituted  8-imidazolldones 
to  produce  the  corresponding  N-nltro-2-lmidazolidones,  which  contain  both  a  nitro 
and  a  difluoramino  group  (270,  272). 


^  (CH-CO)oO 

HN  ^  +  HNO3  3  •'2^ 

- f  (100^)  -10*G 

NFg  NTg 

(BDI) 


O2N-N' 


^-NOg 


NF2  NI’2 


HoSOa 

CHgOCHg-N^  ^CH2C(N0g)5  +  HNFg - ^  NTeCHe-I^  ^ 

R  R  1&2  ra 


'^N-GH^C(N02)3 

ip 


R  =  -OCH3  or  -CHgOH 
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CHAPTER  IV 


IMINO  COMPOUNDS 


In  this  chapter,  ecmpounds  containing  the  C-NF  group  could  be  considered. 
The  first  portion,  fluorimines,  will  consider  those  molecules  which  contain  groups 
other  than  -NFg  attached  to  the  carbon  atom.  The  remainder  of  the  chapter  will  be 
devoted  to  the  discussion  of  compounds  which  contain  the  -NFg  attached  to  the  carbon 
atom. 


IV-A .  Fluorimines 


The  preparation  of  fluorimine  compounds  has  utilized  several  methods,  with 
one  of  the  most  general  methods  being  the  dehydrofluorination  of  difluoramino  com¬ 
pounds  (see  Table  1).  2,3,5,6-Tatra(fluoriminD)piperazlne  (code  name:  TPP)  has  been 
produced  by  the  reaction  of  KNFg  with  l,4-dinitro-2,3,5,6-tetra(acetyl)piperazine  in 
the  presence  of  sulfuric  acid  (269). 


'CGH, 


0  0 

0  2  0 

NOg 

(code  name;  DNTAP) 


HNF.. 


96^ 

HgSO^ 


solvent 


Solvents  Used 


CHjCOgH 

CHgClg 

FgNCHgOH 


Reaction  of  n-butylnitrite  with  substituted  ethylenimines  has  also  been  found  to 
yield  fluorimines  (451a). 


\ — /  ii  6ch. 


CH,  +  n-BuONO 


CH3OH 


r 

C-Cl 


I  +  unidentified  products 


Numerous  studies  have  been  conducted  on  the  reaction  of  difluoramine  with 
a  wide  variety  of  fluorimino  compounds.  A  detailed  discussion  or  listing  of  all  re¬ 
actions  is  precluded  by  the  number  of  investigations  in  this  area.  A  representative 
sample  of  the  various  types  of  fluorimino  compounds  which  have  been  studied  is  given 
in  Table  IV.  Additional  examples  of  these  reactions  may  be  obtained  from  the  work 
referenced  in  the  table. 
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TABLE  IV 

REACTIONS  OF  FLtJORIMIMES  VTCTH  DIFLUORAMIME 
X  =  -HPg  0  =  phenyl 

Product 


Reactant  Conditions 
X 


PS03H 


m 


NC(CH2)3CX20S02r  H2SO4 


X 


BF3,  CH2CI2 


CH3C-CCH3 

X 


0 

t 


BP, 


0P(0C2H5)2 


NF 


X  KF 

j  '  <* 

0-(j-CCH3 

X 


HSO3F,  CH2CI2 


HSO3F,  CH2CI2 
or  BF, 


NC(CH2)3CX20S02F  + 

X3C(CH2)3CN 

X3C(CH2)3CN 


X  X 

ch26-n=n-(!:( 

ic  X 


CH, 


X 


0P(0C2H5)2 

y . X 

{ 

Oc 


N-H 

•0 


ifc=N-CC 
(25^)  P  X 


X  NF 

iZi-|-ScH2CH2 


H2SO4 


jliCOpH  +  iZSCN 


^1  ip 

CCH=CH2  Amberlyst  15 


no  reaction 
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Reference 

447 

447 

447 

441 

447 

447 

451 

451 
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X  ip 

CH3(CH2)2C-CC2n5  HSO3F 


unident,  product j  not  the  501a 

expected  1,1,1-tris- 
dlf luorami no )butane 
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Raaotlon  of  atrong  baae,  l.a.,  mathoxida  lon»  vlth  fluorlmlnaa  hau  baan 
shown  to  raault  In  tha  formation  of  tha  thraa-mambarod  athylanlmlne  x'lng  (iil>  iSla> 
455). 


91  NT 
NF« 


CH3O 


© 


CH3OH 


Cl 

CH,A — Q - cHg 


CH3 


similar  reactions  have  also  been  found  to  occur  for  l,l-bis(difluoramlno)- 
2-fluorimino>cyclohexane,  l-chloro-l-difluoramlno-S-fluorimino-cyclopentand,  and  2,2- 
bls(dlfluoramino)-3-fluorlniino-butana  (441).  If  the  ring  compound  was  further  treated 
with  hydrogen  chloride,  ring  cleavage  occurred  and  the  corresponding  amine  salt  formed. 
Reaction  of  the  amine  salt  with  alkoxlde  ion  resulted  in  recyolization  to  form  a  sub¬ 
stituted  pyrazole  (451a). 


If  the  original  fluorimino  compound  had  been  reacted  with  ^-propoxide  or  t-butoxlde, 
treatment  with  hydrogen  chloride  did  not  result  in  the  formation  of  the  amine  salt 
(455). 


Attempts  to  oxidize  fluorimines  with  peroxide  have  not  been  successful. 
Reaction  of  l,2-bis( fluorimino) -cyclohexane  with  benzoyl  peroxide  in  methylene 
chloride  at  room  temperature  for  4  hr.  did  not  show  any  appreciable  reactioii  (356). 
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Flv'oaulfonio  Aold)  often  ua«4  «  oatalyst  in  reactions  of  dlfluoraiolne , 
has  been  found  to  reset  with  fluorliplnes  vie  the  Beolman  Rearrsngement  (iSla). 


A  similar  type  of  reaction  has  been  found  to  occur  with  Itl-bis(dlfluoramino) -2- 
fluorimlno'cyclohexane  upon  treatment  with  trlfluoroacetic  acid  in  BF^  in  HSO3F 
(447). 


The  hydrogenation  of  2,3,5,6-tetra(flucrlmino)-plperaaine  (code  name: 
TFP)  has  been  conducted  with  a  platinum  dioxide  catalyst  (269). 


(tentatively 

identified) 


IV-B.  N,N,N' -Trlfluoramldlnes 

A  general  method  for  the  preparation  of  fluorinated  amldlnes  by  the  re¬ 
action  cf  elemental  fluorine  with  the  corresponding  ami dine  has  been  developed  (497), 


4RCNHg  + 


NH  !p  ip 

RCNFg  +  SRCWHg'HF  _ ES _ y  4R'dl)Fg 

NaF 


NH 

NOgCFgttNKg'HCl  + 


lOlo  Fg/Ng 


NF 

NOgCFgC-NFg 
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The  hydrolysis  of  gem-bl s ( dlf luorsmlno)  oompour.\ds  with  hsse  hsa  slso  been  uhllleed 
as  a  method  for  the  preparation  of  fluorlnated  amidlnes  (497). 


RCH  *'  +  1/3  base 

Wg 


^  rSf. 


NT 


(N0g)3CCHgCHgCH(NPg)g  +  pyridine  — (N0g)3CCHgCHgSNFg 

r.t. 


Fluorinatlon  with  elemental  fluorine  In  liquid  hydrogen  fluoride  has  been  successful 
In  converting  amidlnes  to  fluoroamldines  (497). 


(tenhar-ive) 


Reaction  of  2-nitro-perfluoroaGetamidlne  with  methanol  in  acetonitrile,  followed  by 
fluorination  with  elemental  fluorine,  resulted  iii  the  formation  of  methyl[S,8-difluoro 
2-nitro  -l,l-bis(difluoramino)l  ethyl  ether,  precumably  by  a  mechanism  similar  to  the 
addition  of  methanol  to  perfluoroguanidine  (code  name:  RFG)  (497).  However,  the 
addition  of  n-butanol  to  N,N,N'“trifluorobenzamidine  did  not  show  any  reaction  after 
15  hr.  at  room  temperature  (354). 


IV-C.  Fluorlnated  Guanidines 


Fluorination  of  guanylcarbamate  esters  has  been  utilized  as  a  convenient 
method  for  the  preparation  of  fluorlnated  guanidines  (46). 


KH 

NHgCNHCOj^R  +  F^ 


CH3CK 


♦  KF- 


NF 

s^lNKlOgF 


(I) 


R  =  -CH3;  “C.2H5;  i-C3H7J  n-C4H9 


CH3CN 


NF 

F2NCNr2  +  nOg  +  ROH 
(PPG)" 
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RO2CNHCNHCO2R  +  F2 
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Partially  fluorlnated  guanidlnaa  hava  baan  obtalnad  by  tha  reaction  of  nltroguanidlne 
or  substituted  nitroguanldlnea  with  elemental  fluorine  in  liquid  hydrogen  fluoride 
(497,  501). 


pop  ipOg  MOg 

HgNCNHg  +  Fg/Ng  - Si - p  HgNQNPg  or  FgNCNPg  (not  isolated) 

0*C 

NNOg  up  NF 

(N0g)5CCHgNH^NH2  +  Fg/Ng  - Si - >  (NOg)5CCHgNH8NFg 

The  attempted  reduction  of  fluoro-bis(difluoramlno)  mwthyl  perfluoroguanidine  (code 
name:  FgBO)  vith  lithium  amide  resulted  in  the  formation  of  two  unidentified  products; 
a  ban  solid  and  a  colorless  liquid  (953). 


IV-D .  Perfluoroguanidine  (Code  Name;  PFQ) 

The  development  of  perfluoroguanidine  has  provided  the  propellant  synthesis 
groups  with  an  extremely  prolific  "building-block"  material.  This  molecule  has  teen 
utilized  in  numerous  reactions,  and  shown  to  react  with  all  compounds  containing  an 
active  hydrogen.  Since  a  detailed  discussion  of  the  various  reactions  Involving 
PFG  would  he  quite  lengthy,  a  tabulation  of  the  reactions  reported  during  the  review 
period  is  given  in  Table  V.  A  few  studies  of  PPG  and  PFG  adducts,  not  listed  in  the 
table,  will  be  discussed  in  the  following  paragraphs. 

Battelle  Institute  (115)  has  conducted  an  investigation  into  the  polymerisa¬ 
tion  of  PFG  at  high  pressures.  Thus  far,  the  results  have  not  been  encouraging.  A 
sample  of  PFG  at  20  kilobars  for  6  hr.  in  either  a  stainless  steel  or  nickel  capsule 
was  shown  to  yield  only  metal  fluorides.  The  use  of  a  prefluorinated  nickel  capsule 
and  6-7  kilobars  pressure  led  to  an  explosion.  The  use  of  solvents,  such  as 
acetonitrile,  C^Fq,  CHjNOg,  and  C^Fq,  with  10  kilobars  of  compound  has  also  been  un¬ 
successful  in  producing  any  polymerization. 

Many  additional  reactions  of  fluorlnated  adducts  of  PPG  have  been  studied. 

The  reaction  of  the  fluorlnated  adduct  of  ethylglycolate  (see  Table  V)  with  ammonia 
in  methanol  at  room  temperature  for  2.5  hr.  yielded  tris(difluoramino)methoxyaoetamide 
(code  name;  GA)  (295).  This  compound  is  reported  to  be  less  sensitive  to  shook  than 
many  of  the  other  tris-domino  compounds,  such  as  INFO.  A  similar  molecule,  the  fluori- 
nated  adduct  of  N-ethyl-N-hydroxyethylcarbamate,  underwent  decomposition  to  a  mixture 
of  products  when  treated  with  ammonium  hydroxide  (292),  but  formed  the  N-chloro  com¬ 
pound  when  reacted  with  (CH3)3C0C1  at  ambient  temperature. 
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Heating  the  adduct  of  n-pentyl  alcohol  with  EPG  has  been  shewn  to  yield 
the  corresponding  N,N,N'-trifluoroamidine  (354). 


F2 


NFr 


m 


The  reaction  of  perfluoroguanidine  with  2,2,2* -trinitroethylethylene  glycol 
(code  names  TNEEG)  and  subsequent  fluorination  to  FA-TNEEG  has  also  been  shown  to 
yield  a  number  of  side  products  (175),  as  shown  in  Figure  2. 

The  fluorinated  adduct  of  phosgene  oxime  and  perfluoroguanidine  has  received 
considerable  study  as  a  potential  starting  material  for  the  formation  of  other  tris- 
oompounds.  A  survey  of  these  reactions  is  given  in  Table  VI. 

Treatment  of  the  fluorinated  adduct  of  ethylene  glycol  (see  Table  V)  with 
trifluoraoetic  anhydride  led  to  a  mixture  of  products,  with  the  major  product  being 
addition  of  the  trifluoracetyl  group  (294).  This  compound  was  found  to  imdergo  com¬ 
plete  decomposition  upon  heating  to  350**C.  At  290®C  partial  decomposition  occurred, 
while  at  240“C  no  reaction  was  observed. 

0 

»  F3CCOCHgCHgOC(NFg)5  +  others 
(major  product) 


H0CHgCH20C(NFg)3 


'  O' 

F3CB, 
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W, 


(NOg )3CCH2CHCH20AnFH 


OH  h. 


H 


(N02)3CCHglicH20C(NI’2); 


PFG 


( NOg )3CCH2CHCH20CNrN 

^  Nr2 

PpN-C-NFg 

W 


F2N  NPH 


HgO/ 


FA-TNEEG  (NO3  )2CCH2OTCH20C(KF2)3  (N02)3CCK^H—(:;H2  (NOg) 
PN=^ 

NPg  0 


Figure  2  -  Side  Reactions  in  the  Production  of  FA-TNEEG 
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TABLE  VI 

REACTIONB  OF  (NF2)3C0N'<ICl2 


Reactant 

CondltlODS 

CH3OH 

NaOH;  CPCI5 

(CH3)2NH 

CFCI3 

NagS-gHgO 

CH3OH 

^  ^§OOH 

CHCI3  ) 

) 

CH3CI2H) 

V=; 

Cl  (or) 

CFgNg  or 

CFCI3 

NH 

3 

laio  HC104 

CH3CN 

Zio  Fg/Ng 

CH3CN;  o“c 

CsF 

CH3CN 

< 


Products 

Ref. 

(NP2)3C0N^(0CH3)2 

296 

(NP2)sCON-C  N(CH3)g  , 

j  296 

deccmpooes 

296 

295 

no  reaction 

no  reaction 

296 

(llP2)3C0N“C(NHg)2 

297 

no  reaction 

293 

no  reaction 

295 

/°v 

(NF2)3CN-*CFg  +  others  298 

[  ^  /^1 
(NF2)3C0N=C-N  n- 

L  1 

298 

n 

tentative  only 
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CHAPTER  V 

NP  COMPOCiros  WHICH  COOTAIN  NN  BONDS 


This  chapter  will  he  directed  toward  the  preparation  and  reaction 
chemistries  of  those  compovindu  which  contain  some  type  of  nitrogen  to  nitrogen  bond. 
Tetrafluorohydrazlne  and  difluorodiazlne  can  be  regarded  as  the  pendent  molecules  for 
this  gi^oup.  The  chapter  can  conveniently  be  divided  into  three  parts;  N-N,  N-N, 
and  N-ND2  type  compounds. 


V-A.  Hydrazine  Derlvativss 

Only  a  few  reactions  have  been  reported  for  molecules  containing  the  K-N 
bond.  These  reactions  ha\'e  been  discussed  J.n  the  preceding  chapters  and  exanplea 
of  their  preparation  and  reactions  can  be  found  in  the  following  parts;  amine 
fluorinationSf  ureas,  fluorlmlnes,  and  perfluoroguanldine  (Table  V). 

The  formation  of  3-phenyl-4,5-di(methoxy)pyrazo].iuB  chloride  was  found  to 
occur  by  treatment  of  the  appropriately  substituted  ethylenimlne  with  sodium  cyanide 
in  methanol  (453). 


9 

- CHg  +  NaCN 

Cl  OCH, 
o 


HCl  ^ 

CH3OH 


i)  «=  phenyl 


OCHj 


"\„^0CH3 


A  second  route  to  the  same  product  was  found  by  treating  the  original  compoxmd  with 
dry  hydrogen  chloride,  which  resulted  in  ring  opening  and  formation  of  the  sub¬ 
stituted  ammonium  chloride.  Reaction  of  this  material  with  strong  base,  methoxide 
ion,  and  then  dry  hydrogen  chloride  yielded  the  3-phenyl-4,5-di(methoxy)pyrazoli\mi 
chloride  (453). 


V-B.  Dlimlde  Derivatives 


In  addition  to  the  work  discussed  below,  other  references  to  con^Kiunds 
containing  a  NBri  bond  can  be  found  in  the  previous  sections  concerned  with  amides 
and  fluorlmlnes.  Also  included  in  this  part  are  diazo  compounds  and  molecules  of 
higher  N-content  such  as  azides  and  tetrazoles. 
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TriB(dlfluorouilno)mathyl  chloride  has  been  found  to  raaot  vith  dlmathyX 
sulfoxlda  (DMSO)  at  room  temperat\ure  to  ylald  two  dlaslrlnas  (65a). 


dFgN.  .N 


Reaction  of  acetamldlne  vrlth  sodium  hypochlorite  In  LMSO  has  bean  reported  to  give 
chloromethyldlaalrlne  ( 434 ) . 

The  preparation  and  reactions  of  fluorlnated  azodlfomaml dines  have  re¬ 
ceived  a  considerable  amount  of  study,  principally  by  the  workers  at  Hynes. 
Fluorlnatlon  of  azodlfomamldlne  with  elcs&ental  fluorine  has  resulted  In  the  forma¬ 
tion  of  a  mixture  of  products  (ll£a). 


HgNCN-NCNHg  Fg/Ng 

°  ^  NF  NF  NP  OT 

(NF2)2CFN-NCF(lJFg)2  +  (NF2)2CFN=NCNFg  +  F2NfiN»ieiJFg  +  FgNCNs  +  (NF2)gCN3 
(Code  name:  (Code  name:  (Code  name:  F 

FiqADF)  PgAnF)  PeADP) 


Tlie  compound  F0ADF  has  two  Isomers  which  have  been  designated  A  and  B.  Thalr  struc¬ 
tures  are  given  below  (255). 


/-C 

F  ''n-H 

CP(OTg)2 

F3ADF-A 


N> 


NFr 


N=N 


V(i;F2)g 

FqADF-B 


When  the  fluorlnatlon  of  azodlformamldlne  was  carried  out  at  -75 ®C  and  then  allowed 
to  warm  to  O^C,  the  compound  designated  F0ADF  was  found  to  be  the  principal  product 
(255).  Like  FgADF,  the  FgADF  was  foTind  to  be  isomeric,  and  the  three  isomers  have 
been  Identified. 
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N-C 


,NFg 

F^  .NFg 

F^  ^NFs 

N-C 

N-C 

N-N  ^F 

N-N  P 

\ _ y 

''N-N 

;c-N 
NPg 


(trans-trana) 


,C-N 


(cls-trans) 


^C-N, 
NFg  F 

(cis-cls) 


Tlie  reduction  of  several  of  the  fluorinated  azodiformamldinea  has  teen 
studied  with  lithium  amide  and  ammonia.  Reaction  of  PqADF  with  LlNHg  was  found 
to  produce  the  N-fluoroamldine,  which  upon  fluorination  yielded  P.j^qADP  (249,112a). 


(NPg)2CFKr«N^KFg  +  LlNHg  (NPg)gCFN-Ni5NH2  FiqADF  +  F9ADF 

(PaADF)  -a5“c  (minor) 


Similar  treatment  of  F2_oADF  with  LlNIig  In  Freon  113  resulted  in  no  observable 
reaction  (252,112a)j  however,  F5ADF  produced  a  mixtvire  which  was  not  resolved  but 
did  show  the  presence  of  N-H  bonds  (251,112a).  Ihose  results  led  to  the  conclusion 
that  in  order  for  the  reaction  to  occur,  the  presence  of  a  fluorimlno  group  (C=I]F) 
is  required  (ll2a).  With  ammonia,  F0ADF-A  reacted  to  form  the-  addition  compoiind. 
Fluorination  of  this  compound  with  elemental  fluorine  led  to  the  production  of 
Pl]_ADF  and  FiqADF  (I12a). 

iP  -93  V  ^2  Fg/Ng 

(NF2)2Cra=NCMF2  -f  (lJF2)2CFN=N9riFH 

NFg 

(NF2)2CFN=NC(NF2)3  +  {^2)207^^  +  F^,^iDF 
(F^j^ADF) 

A  similar  reaction  of  ammonia  with  F@ADF  yielded  an  orange  solid,  which  upon 
fluorination  resulted  in  the  formation  of  P-]_qADF  as  the  major  product,  with  minor 
amounts  of  two  materials  tentatively  Identified  as  FgADF  and  Fj^gADF  (249,254,112a). 

fF  f  CCI2F2  F2/N2 

i'JFpCN=KCNFp  +  NH-  - *  orange  solid  — > 

c:  0  _ggc(,  -100  C 

FN 

Fj^qADF  -I-  NF2fiN=NC(NFg)3  (Nr2)3CN-NC(NF2)3 
(FgADF)  (P12ADF) 
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raactlona  of  F^qASF  and  of  tha  two  laomors  of  with  carbon  nonoxlda 

at  elevated  teaperaturea  have  led  to  the  formation  of  two  new  compounds,  F^ADF  and 
F5AI1F  as  In  Table  Vll. 

TABLE  VII 

REACTIONS  OP  FioADP  AND  FqADP  WITH  CO 

p  NP 

(NPg)pCFN-NCF(NPg)g  +  CO  ^  »  piN-Nfip  +  COPg 

NP  NP  ip* 

(NF'e)gCFN»NCNPg  +  CO  ■>  pfiN-NCF  +  PsADP(A+B) 


HP  ^  NP  HP 

(NPg)gCPN-NCNPg  +  CO  NPg(5N-N(ip 

(FgADP-B)  (F5ADF) 

At  135 ®C  no  reaction  occurs  between  the  Fj^qADF  and  carbon  monoxide  (856).  The  mole¬ 
cule,  F5ADF,  has  been  foxmd  to  have  two  Isomers  designated  as  A  and  B-(856). 


Referenoes 

(118a, 

856) 

(856) 

(856) 


F  N=N. 


^C=/ 


trans-isomer  A 


N=C 

^N=N  F 
)c=N 
F 


els -Isomer  B 


Isomer  B  of  FgADF  undergoes  photolysis  to  yield  perfluoroformimine  plus  other  prod¬ 
ucts  (854,856).  The  same  product  has  also  been  obtained  as  a  result  of  the  photol¬ 
ysis  of  F^ABF  (256). 


P"  iP  h 

IilFgCN=NCF  ■  -  ■>  FgC=NF  +  FCN  +  COF3  +  SiF  +  others 


NP  NF 

F(!iN=NCF  . . >  F2C=NF  +  FCN  +  Ng 

A  mechanism  for  the  formation  of  the  products  observed  from  the  photolysis  of  the 
F4ADF  has  been  proposed  (856). 
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f 

PC*  ■  . . >  FCN  +  F* 


W 

*8?  +  Ng 


•N-NCF  +  ‘P  - ►  PgC»NP  +  Ng 

Mf 

+  p*  '  »  PgC“NF 


The  reaction  of  Fj^qA'DF  with  nitrogen  dioxide  at  190®C  resulted  in  decomposition  of 
the  starting  material  (250).  Uhsuceeasful  attempts  were  made  to  react  hydrogen  sul¬ 
fide  and  monogermane  with  F2^qADF  (250,112a). 

Several  reactions  have  been  attempted  utilizing  the  paz'tlally  hydrogenated 
intermediate  formed  in  the  reduction  of  F3ADP  with  lithium  amide.  Formation  of  the 
amidlne  salt  was  attempted  with  sulfuric,  hydrochloric,  70^  perchloric,  and  anhydrous 
perchloric  acids  (252).  The  only  identified  product  was  formed  with  anhydrous  per¬ 
chloric  acid. 


-  .  F  CHCI3 

(NFg)2CrN=NCNHg  +  HCIO4  - 


JP  ©  © 

(NFg)gCFN«NCNH3  CIO4 


The  solid  salt  was  pale  yellow  and  very  hygroscopic.  At  140®C,  the  free  amidine 
was  found  to  undergo  complete  decomposition  within  24  hr.  while  at  110°C,  in  the 
presence  of  NaF,  no  decomposition  was  observed  (251).  Hiotolysis  of  the  amidine 
led  to  the  formation  of  perf luoroformaml dine  and  an  unidentified  solid  (251,112a). 


NF 

(P'g)gCFN=NcjNHg  +  hv 


NP 

■>  KFgCF  +  CP4  +  Ng  +  solid 


The  reaction  of  trls(difluoramino)fluoroinethane  (code  name;  Compound  r) 
with  sodium  azide  in  DMSO  led  to  the  formation  of  difluoro-fluoreuninomethylazide 
(85c). 
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(Nl’g)sCF  +  NaNj 


IIMSO 


FgNCNs  (40?{  yield) 


Fluorination  of  3,6-dlainino»l,£,4,S-tetrazlne  with  elemental  fluorine  in 
liquid  hydrogen  fluoride  led  to  a  coinpound  tentatively  identified  aa  the  3,6-1)18- 
( dlf luoramino )  substituted  analog  (497).  Attempts  to  Isolate  the  material  resulted 
In  a  rapid  decomposition. 


HP 


♦ 


(tentative) 


V-C.  MO  and  NNOg  Derivatives 


The  preparation  and  reaction  of  the  NNO-  and  MOg-substituted  compounds 
discussed  in  the  ensuing  paragraphs  are  only  a  portion  of  those  reported.  Addi¬ 
tional  citations  of  these  molecules  may  be  found  in  the  sections  relating  to  ureas, 
fluorinated  guanidines,  and  perfluoroguanldine  (see  Table  V). 

Fluorination  of  dlnltroazodiformamidine  in  the  presence  of  sodium  fluoride 
at  low  temperature  has  led  to  the  formation  of  FgADF-B,  P4ADF,  and  two  unidentified 
products  (252). 


MOg  NTTOo 

II  ^11  ^  MftTT 

NHgCWaaNCNHg  +  Fg  - SSi — > 

•75  C 


NF  m  w 

(lilFg)gCFtir=>NCMFg  +  FCN-NCF 

(isomer  b)  (F4ArF) 


Attempts  to  conduct  the  same  fluorination  in  aqueous  solution  in  the  presence  of 
BgOs  were  unsuccessful  and  similar  negative  results  were  obtained  by  the  use  of  a 
fluorine-helium  mixture  in  the  presence  of  sodium  fluoride  in  Freon  113  at  -22'’C 
(252).  The  use  of  acetonitrile  as  a  solvent  resulted  in  an  explosion. 

FA-DENA  has  been  prepared  by  a  raultistep  process  from  2,2'-dihydroxy- 
diethylamine  (178). 
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(H0CH2CH2)9NH 


HNO. 


(OgriOCHgCH2)2NNOg  "g-j"  »  (HOCH2CHg)gNNOg 


[(NT’2)3C0CH2CH2]  sNNOg 


20^  Fg/Ng 

-40*C 


FA-DENA 


R.T. 


PFO,  urea 
CH5CN 


NFc 


HPN-COCHgCHg)  gNNOg 
NFo 


Dlf luoramine ,  in  the  presence  of  96^  sulfuric  acid,  has  been  used  to  re 
place  alkoxy  groups  by  difluoramino  groups  in  substituted  imidazolidine  imines 
(270,272)  and  acetoxy  groups  from  substituted  amines  (269). 


jjr-NOg 

HN  M  +  HNFg 

}fc  — CH 

I 


96^  HgS04 
formalin 


g-NOg 

m'' 

1^9—911 

R  NFg 


R  =  -OCH3  or  -OC2H5 


9 


CH3CCH2^CH2NCH2lfCH20CCH2  +  IINFj 
ROg  NO2  WOg 
(code  name:  BSX) 


96^  > 

H2SO4 


P2NCH2lJCH2NCHgNCH2NF2 
NO2  liog  NOg 


Nitryl  tetrafluoroborate  (NOgBF^)  was  reacted  with  2,6-di(fluoriinino)-4- 
imino-l,3,5-trihydrotriazlne  to  yield  a  compound  tentatively  identified  as  N'- 
nltro-2-keto-4~imino-6-fluorimlno-l,3,5“trihydrotriazine  (497 ) . 


NO2BF4 
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CHAPTER  VI 

INORQAiniC  NITROGEW  PTiUORIDES  AMP  DERiyATrVES 


VI-A .  Nitrogen  Trifluoride 

The  heat  of  formation  of  NFj  has  recently  been  redetemined  by  two  methods;, 
the  direct  reaction  with  sulfur  (LSS)  and  via  the  dissociation  of  excess  NPj  in  the 
explosion  with  (l51a,  151,  151f,  L55).  The  measured  values  were  "31.75  z  0.2  and 
"31.44  ±  0.3  kcal/mole,  respectively.  The  former  led  to  an  average  N-F  bond  energy 
of  67.1  kcal/mole  and  a  derived  D(NFg-F)  of  59.1  ±  2  kcal/mole,  confirming  the 
earlier  conclusions  that  the  dissociation  of  the  first  N-F  bond  (to  give  stable  NF2 
radicals)  is  lower  than  the  average.  The  latter  study  was  used  to  recalculate  the 
heat  of  formation  of  aqueous  HF  (1:123  I^O)  as  -77.0  t  0.2  kcal/mole.  The  value  of 
AHf  =  -30.60  kcal/mole  is  then  recommended  in  the  use  of  NF3  as  a  calorimetric 
fluorinating  agent. 

Studies  of  the  dipole  moment  of  NF3  gave  a  tentative  value  of  0.17D  (232) 
and  from  work  at  48®  and  80® C  the  value  0.20D  (238). 

Efforts  to  observe  the  ion-molecule  reaction 


NF3'*’  +  Fg  - ^  NF4'*’  +  F 

have  not  been  successful  to  date  (386,  402,  405).  High  energy  radiation  of  mixtures 
of  NF3  and  Fg  with'AsFg  at  -196®  gave  (472)  moderately  stable  solids  which  appeared 
to  contain  the  salt  NF^+AsFg"  (dec.  200®)  together  with  N2F3+AsFg"  (dec.  110  -  170®) 
and  apparently  a  third  salt  which  evolved  NgFg  and  AsFg  at  20  -  50*  (NgFAsFg  is 
known  to  be  much  more  stable' than  this).  Radiation  of  tIP3-Fg-Bp3  mixture  at  -196® 
in  a  sapphire  tube  (oxygen-free  fluorine)  gave  high  purity  NF4BF4.  The  synthesis 
and  properties  of  NF^"^  salts  are  described  in  detail  in  section  B  of  this  chapter. 
Further  reactions  of  NF3  which  have  been  studied  or  attempted  are  summarized  in 
Table  VIII. 


VI-B.  NF4+  Salts 


The  synthesis  of  salts  of  the  long  sought  NF4'''  ion  has  been  well  demon¬ 
strated  since  the  previous  review  (284a).  In  October  1965,  Stauffer  Chemical  Company 
chemists  reported  (507)  the  formation  of  HF4ASF5'  by  a  low  temperature  electric  dis¬ 
charge  method. 


elec,  disch. 
-80® 


NF4’*’AsF6- 
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TABLE  VIII 
REACTIONS  OP  NP3 


Reactant 

Conditions 

Results 

References 

Clg 

800  -  500*,  8000  - 
10,000  pai 

No  reaction 

75 

NO 

800  -  500*,  8000  - 
10,000  pai 

NOg,  NOF 

75 

NO 

Excess  NFj,  300*, 

8800  paia 

NOF,  NF3 

78 

ND  excess 

800* 

Exploded 

78 

NO/cls-NpFp 

66*,  80,000  psi, 

1  hr. 

25^  dec.  of  NgFg 

69 

OFg 

300* 

Dec.  of  OFg 

339 

OFg 

800*,  10,000  pai, 

6  hr. 

Unk.  with  IR  aba.  at 

1285  and  8175  cm"l 

75 

OFg 

Flash  photolysis, 
liquid 

O3 

88 

CsF 

500*,  8000  psi, 

1  hr. 

No  reaction 

78 

CsF;  NO 

300*,  8800  psi, 

18  hr. 

Some  NOF,  probably  Ng 

78 

BFj  (or 

FF5) 

Tesla  coil  disch. , 

5  mm.  pr.  -196® 
quench 

Some  NgF'^BF4"  (or  EFe") 
and  SiPe® 

232 

BF5 

1445  psi,  25* 

No  deviation  from 
ideality 

232 

FFg 

1090  psi,  85* 

No  deviation  from 
ideality 

232 

sbPg  ; 

» 

200*,  2400  pal, 

50  hr. 

reaction  of  NF3  to 
NF4'^7  and  luiidentified 
product 

479 

CONFIDENTIAL 


CONFIDENTIAL 

lASLE  VIIZ  (Concluded) 


Reactant 

Conditions 

Results 

AICI3 

80",  4  days  (or  155* 
fast) 

•NgClg 

60",  fast 

NK4'^,  Pe’*’®,  F" 

c-  or  t-Ngl’p, 

~  HC104-8Hg0 

82",  6,  100  atm., 

4  hr. 

Dec.  of  cla -NpFg 

Xe 

Flash  photolysis, 
liquid 

XeF  compounds 

CIF3 

425",  1350  psig 

No  reaction 

CIF5 

325",  2125  psig, 

20  hr. 

Some  CIP3  and  Pg 

CIO3F 

475",  2050  psig, 

18  hr. 

No  reaction 

GlFgSbFg 

250",  3  hr. 

No  reaction 

GlFgStFg 

350",  80  hr. 

36^,  dec.  of  NFj,  hard 
pink  solid 

GlFgSbFg 

350",  23  hr. 

No  reaction 

GlF4SbF6 

200" 

Some  CIF5  evolved 

GSGIF4 

200",  24  hr. 

No  reaction 

GSGIF4 

470" 

SI.  dec.  to  CsF,  GIF, 
GIP3,  CuFg  and  NlFg 

GIO2 

110" 

No  reaction 

t-NgFg 

Y -Radiation,  -196* 

Ng,  Fg,  NgP4 

N2F4 

Y-Radlation,  -196* 

Inconel.  (Sl  contami¬ 
nation) 

Og 

UV,  liquid 

Small  amounts  NOgF,  OgF 
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The  compound  (apparently  contaminated  lay  N-0  salts)  was  reasonably  stable  to  200*  and 
gave  an  infrared  spectrum  showing  bands  at  1165  and  707  om"^  attributable  to  the  NP4+ 
and  AsFg"  ions.  Publications  describing  the  synthesis  and  properties  (Lll,  128)  and 
the  vibrational  and  NMR  spectra  (L12)  have  appeared. 

In  December  1965,  Stanford  Research  Institute  scientists  reported  the  for¬ 
mation  of  a  new  N-F  containing  solid  which  was  believed  on  the  basis  ofy^^  IJMR 
(resonance  of  -215  0)  and  thermal  pyroDysls  studies  to  be  NF4SbF@  (476).  3Sie  four 
component  reaction  system  used,  NF3/F2/SbF5/HF,  had  in  one  run  previously  (475) 
given  evidence  of  some  reaction.  The  analogous  reaction  with  AsF0  was  also  demon¬ 
strated  (477).  The  products  of  these  early  runs  were  badly  contaminated  with  metal 
salts,  but  the  elimination  of  the  HF  from  the  reaction  mixture  led  to  products  of 
good  purity  (477).  The  formation  (especially  at  short  reaction  times)  of  some  of 
the  salt  IIF4Sb2F2^2,  ^ilso  demonstrated  (477),  but  the  excess  SbFs  could  be  removed. 
Ibe  final  procedure  is  as  follows: 

NF3  +  F2  +  SbFs  >  NF4SbF6  +  lIF4Sb2Fii  -g-  a^ysf  vac.  »  N^4SbP6 

(41^  yield) 


The  synthesis  and  properties  of  KP^SbF0  and  NF^AsFg  by  similar  methods  have  been  de¬ 
scribed  in  the  literature  (156,  L57),  but  applications  of  this  method  with  weaker 
Lewis  acids  have  been  less  successful  as  shown  by  the  results  (487)  shown  below; 


NF3  +  F2  +  AsPg  3^4AsF6  {ni  yield,  93^  pwity) 


NT's  +  Pp  ^5  >  trace  IIF4’*’  (anion  not  determined) 

13d  hr* 


NF3  +  F2  +  BF3  -12.9°?  yoo  no  KF4BF4,  but  si.  loss  of  NF3  and 

185  hr.  residue  evolved  NF3,  Fg  and  SiF4 

on  pyrolysis 

NF3  +  Fg  +  GIF3  -i9.9!a.  >  no  NF4CIF4,  some  CIF5  formed 

65  hr. 

NF3  +  Fg  +  CIF3  >  trace  of  13F4CIF6  ? 

65  hr. 
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The  identification  of  the  ClFg  reaction  product  was  based  only  on  the  evo¬ 
lution  of  some  NTj,  Pgi  SiF^  and  CIF5  when  the  reactor  was  heated  above  285* 1  after 
prior  evacuation  at  ambient,  (in  view  of  the  dubious  exiatanoe  of  the  ClFg"  anion 
the  latter  product  appears  unlikely.)  As  might  bo  expected,  however,  PtFg  forms  a 
stable  salt  (559a), 


NFg  +  PtFg  +  Fg  - 35S!— ^  NF4Pt,F6 

2000  psi 

The  direct  reaction  of  NFg  and  gbFg  (without  F^)  at  200®  and  2400  psi  for 
for  50  hr,  appeared  to  give  (479)  a  mixture  of  NF  salts  based  on  the  reported 

hydrolysis  products;  NFg  and  Og  from  NP4,+,  NgO  fi'om  NgF^  and  NO  and  NOg  from  l^Fg"^. 

In’ studies  at  Midwest  Research  Institute  in  early  1963,  the  formation  of 
small  amounts  of  NF^AsFg  was  observed  (248b)  from  the  fl.uorination  of  NgFgAsFg  at  115®, 
but  the  reaction  route  Is  not  clear  and  may  involve  NFg  as  an  intermediate.  Results 

of  studies  at  Shell  (472)  at  about  the  same  time  suggested  the  formation  of  NF^AsFg 

upon  high  energy  radiation  of  a  mixture  of  NFg,  Pg  and  AsFg  at  -196®.  Tlie  resulting 
solid  product  evolved  NgFg  and  AsPg  at  20  -  50®,  N2F4  and  AsFg  at  110  -  170"  (i.e., 
from  NgFgAsPg)  and  NFg  and  AaFg  at  200®  ( i.e.,  from  NF4ASF6).  Further  studies  with  BFg 
in  place  of  AsFg  and  oxygen  free  F2  have  led  to  good  yields  (~  160  mg/hr)  of  high 
purity  NF4BF4  according  to  Wilson  (593a). 

NFg  +  Fg  +  BF,  .......  ^  NF4BF4 

^  Sapphire  cell  *  ^ 


Application  of  this  method  to  the  NF3/F2/CIF3  system  did  not, however,  lead  to  NP4CIP4. 

The  synthesis  of  NF4CIO4  and  other  NF4'*’  salts  by  metathesis  reactions  have 
been  studied  extensively  at  Stanford,  although  previous  calculations  (474)  had  in¬ 
dicated  that  no  oxyanions  would  be  stable  with  NP^'*’.  Tlie  high  solubilities  of 
NF4SbFg  and  NF4AsFg,  2.6  and  1.2  g/g  of  anhydrous  HF, respectively  (L57)  make  this  an 
attractive  solvent  system.  Preliminary  studies  (478)  indicated  that  NP4SbPg  and 
KDIO4  were  compatible  as  a  solid  mixture  and  in  HF  solution,  Ibe  metathesis  reaction 
with  LICIO4  (the  lithium  salt  is  preferred  since  the  solubilities  of  the  alkali 
fluorides  and  complex  fluorosalts  in  HF  increase  with  increasing  size  of  the  cation) 
followed  by  separation  of  the  by-product  and  removal  of  solvent  at  low  temperature 
gave  (488)  a  white  solid  believed  to  be  NF4CIO4  which  decomposed  below  room  temper¬ 
ature  : 


NF4SbFg  +  LICIO4  LiSbFg  +  NF4CIO4  (HF  Soln. )  NF4CIO4 

NF4CIO4  -  >  NT^  +  CIQ5OF 
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This  mode  of  decomposition,  previously  predicted  (276a),  Is  in  contrast  to  the  d«- 
oompoaltion  in  all  other  reported  systems  involving  fluorocations  and  the  per¬ 
chlorate  ion,  i.e.,  to  give  FCIO5  by  the  oxide-ion  transfer  mechanism  (276a).  A 
similar  result  was  obtained  when  the  metathesis  reaction  of  OT'^SbFg  and  CSCIO4  was 
attempted  in  IF5  solution,  except  the  product  NF^CIO^  decomposed  at  the  melting 
point  of  the  IPg,  (5S9a)  pure  IP5  melts  at  10*. 

Similarly,  the  metathesis  reaction  with  LIF  or  HF  gave  a  stable  solution 
of  NF4HF^  at  low  temperature  (487)  and  a  stable  solid  after  evaporation  of  excess 
solvent  (488).  Most  recently,  however,  this  solid  was  described  as  a  solvated 
material  which  decomposed  to  NFg,  F2  and  HF  at  -44®  (559a).  However,  the  NF^HFg 
solution  is  useful  as  an  intermediate  in  the  metathetical  preparation  of  NF4BF4 
(489). 


NF4HF2/HP  +  BFg  NF4BF4 

However,  the  salt  of  the  oxyanion  SOjF"  could  not  be  prepared  by  an  anal¬ 
ogous  reaction  as  decomposition  occurred: 

NF4TrF!’2/HF  +  SO5  NPj  +  FSC^OF 


Mixtures  of  the  solid  salts  NF4SbFs  and  LiC104  reacted  at  55®  similarly  to  give 
CIO3OF  while  mixtures  with  KBr,  KCl  or  KF  evolved  the  corresponding  halogen  gases  at 
25®,  150®  and  225°,  respectively  (488). 

The  thermal  stabilities,  of  the  known  NF4‘*'  salts  containing  perfluoroanions 
are  (487,  593a)  as  follows:  r]F4SbF6  dec.  >  300*5  NF4ASF6,  dec.  ~  270°;  NF4BF4,  dec. 
236® .  The  good  stability  of  the  NF4BF4  is  apparently  kinetically  derived  (276a) 
since  calculations  indicate  that  the  heat  of  decomposition  to  Fg  and  BF^  is 
+3,6  kcal/mole  at  25®,  although  is  -505.2  kcal/mole  (593a).  Differential  ther¬ 
mal  analysis  on  a  sample  of  NF4.srbF0  containing  some  Sb2F2^-]_"  indicated  a  melting  point 
of  170°  (478).  The  density  of  single  crystals  of  NF4ASF5  deposited  from  HF  solution 
is  1.9225  g/ml. 

All  of  the  NF4^  salts  are  sensitive  to  moisture  and  appear  to  react  with 
manj'"  organics  (593a).  The  hydrolysis  is  described  (478)  by  the  equation 


KF4‘''  +  HgO  - ->  HF3  +  1/2  Og  +  HgF’^ 


The  HF4SbF6  reacts  with  traces  of  moist\u7e  in  glass  at  ambient  temperature  and  at¬ 
tacks  glass  at  85®  to  give  SiF4,  KFg  and  presumably  OgSbFg. 
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The  synthesis  of  fluoroeunmonlm  perchlorate  by  Qrahauskas  and  Remanlck  at 
Aerojet-aeneral  was  discussed  in  the  previous  review  (284a).  Early  storage  studies 
on  the  product  available  in  1965  showed  (45)  no  reaction  in  nickel  after  three 
months  at  85®  and  only  very  alight  decomposition  in  Monel,  but  stainless  steel  and 
Teflon  were  unsatisfactory.  Later  studies  on  samples  of  higher  purity  showed  no 
reaction  with  Teflon  in  60  days  at  25®  (50)  and  no  reaction  with  glass  in  30  days 
at  -80®,  but  slight  reaction  with  nickel  in  8  weeks  at  ambient  temperature  unless  it 
was  well  passivated  with  HF.  Electrostatic  test  (45)  showed  that  NH3FCIO4  was  pnly 
slightly  more  sensitive  than  RDX  and  scale-up  studies  were  started.  Thus  5  -  10  g. 
batches  were  prepared  in  1965  (46)  and  70  -  140  g.  lots  in  1966  (48).  The  preferred 
synthesis  route  was 


iraF-C0-0GH(CH3)g/CHGl,3  +  2HGIO4/CHCI5  —  -  NH3FCIO4  +  COg  +  (GH3)2GHG104 


The  use  of  less  than  70^  HCIO4  caused  partial  hydrolysis  of  NH3F+  and  thus  led  to  lower 
yield  and  purity.  The  use  of  anliydrous  HGIO4  was  introduced  in  late  1966  (49). 

The  initial  pi-oduct  appeared  to  be  a  less  dense  crystal  form  which  rearranged  on 
standing  a  few  days  to  a  more  dense  form.  The  latter  form  was  obtained  directly  if 
the  solvent  was  GH2CI2.  The  fluorocarbamate  was  prepurified  by  removal  of  isopro- 
pylcarbamate  on  a  silica  gel  column  after  N,N-dlfluorocarbamate  was  volatilized  off. 
Traces  of  solvent  must  be  carefully  removed  or  they  greatly  reduce  the  stability. 

Differential  thermal  analysis  of  a  NH3FGIO4  sample  prepared  from  10$ 

HGIO4  showed  (46)  an  exotherm  at  105®C  and  impact  sensitivity  tests  showed  «-50^ 
detonations  at  25  -  30  cm,  compared  to  25  cm  for  RDX.  Infrared  analysis  of  a  sub¬ 
limed  sample  (NaCl  window)  showed  bonds  at  3.05  u  (N-H  st.)  and  7.03  u  (WHg  bend), 
i.e.,  shifted  to  shorter  wavelengths  by  —  0.15  H  from  NH4GIO4.  The  N-F  band  was  not 
observed,  and  was  assumed  to  be  obscured  by  the  OIO4"  bands.  The  heat  of  formation 
of  ISIH3FGIO4  was  detentiir-ed  by  combustion  calorimetry  at  Aerojet  (50)  to  be  -67.6 
kcal/mole  (-49.9  kcal/lOO  g.),  in  good  agreement  with  the  value  -66.57  kcal/mole  ob¬ 
tained  from  the  heat  of  solution  in  water  (-54.5  kcal/mole  determined  by  Fasolino 
(302a)  and  the  assumption  that  the  hydrolysis  products  are  F",  l/3  NH4’*',  8-1/3 
1/3  Ng  and  0104".  Prom  the  heat  of  formation  and  the  assumption  that  the  heat  of 
vaporization  of  NH3FGIO4  equals  that  of  HH4GIO4  and  that  the  N-H  bond  energy  in 
NH3F'''  is  93.4  kcal/raole,  a  value  of  57.1  kcal/mole  was  calculated  for  the  N-F  bond 
energy.  This  value  is  probably  too  low  by  10  -  15  kcal.  The  theoretical  specific 
impulse  of  NHJFCIO4  with  an  aluminized  butadiene  fuel  was  calculated  to  be  about 
270  sec. 


The  NH3FGIO4  is  unusually  soluble,  for  an  inorganic  perchlorate,  in  or¬ 
ganic  solvents  such  as  nitriles  and  esters.  Solutions  in  energetic  solvents  were 
being  considered  as  liquid  monopropellants.  The  very  hygroscopic  and  moisture 
sensitive  nature  of  NHjFGlO^  also  occurs  with  the  methane sulfonic  acid  salt, 
NH3FSO3GH3,  which  undergoes  a  complex  decomposition  to  give  NgH4  along  with  Ng 
and  NH3  (but  no  NOg",  N03‘  or  NHigOH). 
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The  Ghromatographlo  purification  of  the  two  NgFg  isomera  has  been  studied 
at  RocketdyTie  (586),  The  cia-NoFw  is  purified  on  a  silica  gel  column  while  trana- 
NgFg  ia  purified  on  an  activated  alumina  column  on  which  the  c_^  Isomer  is  decom- 
poaed.  Purified  els -NgFg  was  found  to  be  much  less  reactive  than  generally  in-’ 
dlcated  in  the  published  literature.  Efforts  to  photoaenaitlze  the  isomerization 
were  not  successful  with  NOg,  C(3Hg>  C^Pg*  Olg,  Brg  or  Ig  as  agents.  The  thermal 
Isomerization  at  74*  for  1  hr.  gives  good  (93^)  conversions  of  trans  to  cis  accord¬ 
ing  to  studies  at  Harahaw  (224),  The  trana-MpFp  is  previously  purified  of  1^P4 
and  SFg  by 'treating  with  HgO  and  subsequent  distillation,  then  mixed  with  ~255t  ejs- 
NgFg  prior  to  isomerization.  Flowing  gaseous  trans-NbFo  has  been  noted  to  Ignite 
Kel-F  needle  valves  (471)  and  hence  should  be  handled  with  caution. 


A  number  of  reactions  of  cis- and  trans-NpFg  have  been  attempted  or  studied 
as  summarized  in  Table  IX. 


VI-E.  NgP'^  Salts 


Tlie  salt,  N2F’'’AsF0",  (284a)  has  been  estimated  (386)  from  electronegativity 
considerations  to  be  only  ionic  in  the  solid,  although  HF  solutions  might  well 

be  ionic.  The  shift  of  the  AsFg~  bond  from  ~7 00  cm“^  in  metal  hexafluoroarsenates  to 
715  cm”  in  t^FAsFg  was  considered  indicative  of  partial  covalency,  but  the  simi¬ 
larity  of  the  X-ray  patterns  of  I^FAsFg  and  NQgAsFg  was  not  considered  significant. 
The  use  of  HF  as  a  solvent  has  been  found  satisfactory  for  crystal  growth  studies 
on  NgFAsFg  (472). 

The  reaction  of  either  cis-  or  trans -NpFo  with  SbFs  at  40  -  50“  gives  a 
l:2^complex  (m.p,  82  -  84°)  according  to  Ruff  (L52)  which  is  apparently  the  salt 
N2F  Sb2Fii'.  The  infrared  spectrum  shows  only  a  single  band, 1064  (m)  cm-l,in  the 
N-F  region  and  no  N-N  bands  were  observed.  No  satisfactory  NMR  solvent  was  appar¬ 
ently  foiuidj  the  complex  fluorinated  ASF3  to  AaF~  and  reacted  with  SCfe  to  give  NgO, 
N2,  SFgO,  SPgQg  and  SQ2SbF5.  The  N2PSbgFii  decomposed  readily  at  200°  with  attack 
on  glass.  Only  cis-NgFg  is  evolved  in  the  thermal  decomposition  or  in  the  reaction 
of  the  complex  with  KF. 

In  another  study  of  the  infrared  spectrum  of  NgF+SbFg”  (e7a)  the  N-F  and 
SbF  bands  were  again  observed,  but  not  the  N-N  bands.  In  SbFg  solutions  of  the  salt, 
however,  the  N-F  band  was  not  observed  (88,  89,  90).  Interestingly  enough,  a  tran¬ 
sient  royal  blue  color  was  repeatedly  observed  (89)  at  the  interface  of  NgFg  and  SbFs, 
or  uniform  blue  solution  was  formed  (90)  when  the  NgFg  was  bubbled  through  the  SbFc. 
The  blue  solution,  which  soon  changes  to  the  final  yellow  color,  was  suspected  of 
containing  the  Intermediate  product  r^Fg+SbFg-  based  on  the  results  of  EPR  studies. 
Even  in  the  yellow  solution,  two  distinct  paramagnetic  species  could  be  observed  at 
g=2.002  and  g=2.027  using  a  Kel-F  tube.  In  a  glass  tube,  the  2.002  species  (ap¬ 
parently  the  Ng-containing  species)  was  not  observed  and  absorption  was  probable. 
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RBACTIOMS  OF  NpFg 


Re act Iona  und  Reiults 

NrFg  +  CsF  *  )■  SO  mole  percent  NgPg  ataorbed  (Cs'^NgJ^"  ?) 

fi  A  0 

NsFp  +  CsF - - >  doc.  of  NpFg 

>  250  pal 

-111®  25  ® 

NpFf  (mostly  trana )  +  CsF  — acme  solid  "complex"  -= - >  cis-NpFp 

CFCl, 

KgFg  +  CsF - no  a'Dsorption.,  but  one  of  two  runs  exploded 


N2F2  +  OFg  +  CaF  — ^^-^2 — >  Uo  rxn.  — ^  unident,  prod. 


16  hr 


20  hr. 


25  ® 

NoFo  +  OFr,  — — - »  No  rxn. 

2  gQ  hr. 


N2FP  +  OFg  +  CO2  CsF - >  (CF30)g0  (not  obtained  from  ternar;y' 

combinations) 


N2F2  +  Clg  CsF  — - — >  unident,  prod.:  NgFgCl""  in  mess  spec, 

(two  runs  exploded) 

N2F2  ('^jg  or  trans )  +  CsF  — some  Pbs.  of' NoFp  ■( more  trens  sis.) 

So® 


->  cis  i:,.<5sorb8 


NpFp  +  C1-,  — — >  tio  rxn. 


24  hr 


•  PO 

cis-NpFp  +  OFo  — >  unident.  IR  peaks 

-  C  tr  «  24  hr. 


^AA  O 

cis-NpFp  —  -V.  .V...  ,  >  Detonation 
4000  atm. 


trans-NpFo 


82^ 


5400  atm. 
93-100” 


^  No  rxn. 


6200  atm. 


■>  NF3 
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Reference 

79 

79 

79 

79 

79 

79 

79 

79 

80 

80 

80 

86 

88 


^2^2  ^2^4 


88 
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TABU  n  (Continued) 


Reactlona  and  Reeulta 


Reference 


cla-  or  trans-NoFo  +  HCIOa'SHoO  -§g*i  6100  atm,  jj  p  0q 

-  .-<?  id  ihr.  iWz) 

uni dent,  rxn.j  no  NgFC104  89 

25^6  dec.  of  NF3  89 


cis-NpFp  +  HgO 

trans-NoFo  +  HgO 

(Note:  no  effect  by  OH"  or  surface  on  els;  no  N-O-F 
Intermed.  obsd. ) 

NgFg  +  CO  JiJC:-  NR  CFgO  259 

t-NgFg  +  ClOgF  No  rxn.  CIF3  +  NFj  +  Ng  +  O2  340 


74' 


89' 


> 


1st 


order 

rate 


Ng 


+  1/8  Og  + 


2  HF 


227 


NgFg  +  Mg(C104).g  .1^-  Sg  ^  10^  gslg  ^ 

NTs 

c^-NgFg  +  NO/NF3  ^  .^-9.^,  » 


t-NgFg  +  CIO3F  --.yfi  to  25°^  ^  ^  >  dec.  of  NgFg 


t-NgFg  +  CIF5  No  rxn.  (si.  dec.  of  NgFg) 

>150*  ^ 


dec.  of  NgFg 

t-NgFg  +  OFg  -l7A  >  some  dec.  of  both 

X  „  T,  .  -78  to  150°^  150“ 

t-NgFg  +  GIF - >  some  dec.  >  CIP3  +  Ng 


(340 

p41 

340 

341 


342 

342 


t-NgFg  +  CIF3  >  some  dec.  JA2l>  ciF^  f  Ng 

NgFg  +  Ig  J^y  y  IF5  (trans  reacts  faster  than  els ) 

t-NgFg  .electron  radiation^  Ng  +  KF3  +  NgFg 
low  temp. 

NgFg  +  NF3  __eJLectron  radiation  ^  ^ 


342 

385 

471 

471 
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TAblJS  IX  (Concluded) 

Reacitlons  and  ReauHa  Reference 

dlach _£_]LSLHSI12ll^  Ng  +  F‘  (no  NsF*  obs.)  55Sa 

Og  Matrix 


r^■n  elec,  (iisch.. 
°^2  - ^78’' - ^ 


Ng,  Fgj  Og 


elec,  disch. ^ 
-196“ 


some  O3,  NOg,  SiF^ 


532a 

532a 
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srff;>rt8  to  utilize  the  salts  as  reactajita  have  not  lea<<  to  the  (JesHreiit 

product s. 

The  fjlliwlng  results  were  obtained  at  Aerojet  (17) 

NgF+SbFg'  +  I^P4  No  rxn.  Ife»  NFs.  (no  IfeFs+SbPe") 


N2F+SbF6'  +  (NF2)2CNF  NO  rxn.-I^5l»  N2,  NF3,  CFj,  solid  (not  (NF2)2CN+;TbFg‘) 


N2F'^BF4‘  +  (NF2)2CNP  some  K2,  CP4,  BF3  and  SiF4(no  (NF2)2GN"^SbPg-) 

In  studies  at  Reaction  Motors  (355)  the  mixing  of  solid  N2PASP0  and  CSCIF4 
at  -78®  in  a  glass  apparatus  gave  ambiguous  results. 

No  reaction  was  observed  between  solid  N2FAsFg  and  500  mm.  press^ire  OF^ 
at  25®  to  112®,  or  at  25®  in  HP  solution  (532a).  No  products  of  interest  were  ob¬ 
tained  from  N2FASF6  and  KWO3,  AgNC^  or  AgNOp- 

VI-P.  Tetr af luorohydraz Ine 

Structui’al  studies  on  %F4  have  recently  been  reported  by  Hersh  (L29)  and 
by  Bohn  and  Bauer  (L6),  the  latter  study  also  included  the  NFg  radical.  The  ^®F 
NMR  spectrum  has  been  obtained  at  low  temperatures  by  Colburn  et  al.  (L12a)  and 
shows  the  presence  of  rotational  isomers. 

Studies  of  the  reaction  chemistry  of  NgP4  have  continued  since  the  previ¬ 
ous  review.  An  increased  emphasis  has  been  placed  on  reactions  with  inorganics 
since  the  reactions  with  organics  had  already  been  extensively  explored.  A  large 
number  of  experimental  studies  with  I%F4  are  summsirlzed  in  Table  X.  Much  of  the 
chemistry  of  the  C-N-F  compounds  is  now  appearing  in  the  published  literature. 

Several  studies  have  been  concerned  with  the  compatibility  and  properties 
of  NgF^  with  other  liquid  oxidizers.  Thus  in  a  program  at  Aerojet  (44),  studies  were 
made  of  the  densities,  vapor  pressures  and  stabilities  (thermal,  adibatic  compression, 
flow  conditions,  and  storage)  for  I^F4  with  C(NF2)4,  CF(NF2)3,  HNFg  and  CIF5.  The 
N2F4  -  ClFg  system  was  studied  at  Reaction  Motors  for  thermal  stability,  pressuri¬ 
zation  and  shock  sensii/ivity  (360-363).  Homogeneous  mixtures  from  the  components 
N2F4,  NF3O,  C( 1102)4,  CF(NF2)3,  CIO3F,  CIF3,  CIF5  were  studied  at  Rocketdyne  (387) 
ana  theoretical  calculations  made  (393)  for  the  ternary  system  N2F4  -  C(NF2)4  - 
CIF5  . 


CONFIDEIITIAL 


REACTIONS  OF  N2F4 


eONFIDENTUL 


r  \ 

•> 

0 

S5  Pm 

S' 

0 

56 

CONFIDENTUL 


10 


TABDE  X  (Continue 


CONFIDENTIAL 


■s 


(0  <d  (d 

ft: 


S 


'Id 


S 


IQ 


'S 


I 


®c« 


CVI 


CD 

I 


in 

o 

o 


in 

CO 

o 


CO 

(O 

o 


n.^ 

CO 

o 


fe 


§ 


CQ 

E? 


8 


§1 

a> 


CVJ 


o 


+3 

u 

d 

K 


10 

■P 

u 

d 

*! 


8 

H 

U 

■s 


JW  r5^ 


o 

a 


■s 


15 

g 

pc 


§ 


§ 


-W 


o 

!S 


o 

(O  .(O 


s"  S'  6 


o 

S’ 


CO 


3 

o 


o 


in 

OJ 


0 

O 

CO 


9 

to 

to 


9 

GO 

r^ 

I 


evi 


4^ 

c; 

+? 

c 

4> 

C 

1 

u 

4) 

0) 

0) 

OJ 

> 

> 

> 

> 

> 

O 

H 

H 

I~1 

H 

H 

to 

H 

O 

0 

0 

O 

C 

CQ 

to 

CQ 

CQ 

CO 

9\ 

9 

0 

n 

CQ 

CQ 

CO 

CO 

in 

CO 

< 

< 

< 

< 

< 

CVJ 

(7> 

h 

J3 


P 

JS 


CO  CO 


> 

0 


> 


o 

*n 


o 

cS 


CO 

w 


s 

CO 

o 


S’ 

CO 

u 


o 


cd 

*0 

H 

to 

O 

O 

+ 

CM 

tu 

Fe 

o 


5  cu 

lO  rH 

W  O 

C  CO 


CVJ 


bi; 

*s’ 


jp  o 

33  JO 


CU 

K 


O 

bfl 

W 


*S)  *S)  Bt? 
w  w  o 


59 


CONFIDENTIAL 


Mnaiiilifim 


J 


CONFIDENTIAL 


g  % 


^  3  S  S  s  M  ^  i  S 


0 

•p 

g 

•g 

b 

A 

o 

0 

p 

•g 

Pi 

u 

4 

c5P 

a  . 

'C 

d) 

0 

rH 

i 

"ivj 

1 

g 

gi 

g 

H 

1 

Dec, 

H* 

O 

a 

o  ^ 


g  1 


fv  r\  fH 

n!^  ».'^  X 

g  ^  g!  ^  g  g 


S  rv*^  y 

fi  %  § 

o  1=  S 

»  -Pi  H 


9  ^ 

S  a 


8  8 

M  CVI 


^  ^ 


CVJ 

CVJ 

g 

to 

IP 

cy 

Q 

Xi* 

9 

VD 

3“ 

8 

1 

o 

to 

c 

to 

to  • 

CVJ 

o 

OJ 

Fm 

& 

fl 

9 

H 

O 

o 

o 

1 

u 

u 

0 

0 

tod 

o 

o 

60 

o 

o 

O 

W 

!>< 

CONFIDENTIAL 


CF2{0F)2  No  CFo{OKFp)„  402  and  4C» 


x'ABLE  X  (Concluded) 


CONFIDENTIAL 


3  §  S  §  §  3  i  §  S  3  I  ^  ^ 


fa  0 


•H 

u 

•P 

« 

c 

Ctf 

H 

•H 

• 

na 

CO 

a> 

cd 

CO 

r- 

O 

•s 

1 

CO 

• 

■p 

t*^ 

a 

c 

r. 

P 

CO 

u 

1 

u 

a 

> 

■p 

0) 

• 

a 

in 

•H 

G 

0) 

» 

V 

o 

rP 

Cvj 

+•’ 

CO 

<u 

* 

•H 

A 

fv 

0 

H 

0 

g 

T3 

0 

in 

B 

H 

• 

to 

r- 

O 

t 

•< 

«s 

rH 

20 

in 

w 

^  o 
a  u 


^  9  fe  fe  5 

s  o  o  s 

Pk  O  <M  ,<M  to  Q 

s  s  ^  ^  %  s 

CVJtOOOU  tOtOCVJCVJ_ 


CONFIDENTIAL 


vi-a.  Salts 
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The  formation,  propartles  and  raaetlona  of  a  product  dlaoovorad  at  Rohm 
and  Haas  in  1961  and  reported  in  1965  (Ii49u)  as  NPaSI^Fs  was  previously  reviewed 
(?84a). 


nils  material  was  obtained  from  the  reaction  of  NgF^  and  SbFs  appeared  to 

retain  the  N-N  bond.  Studies  at  Reaction  Motors  beginning  in  late  1964  of  the  I^P4- 

A3P5  system  indicated  (351)  the  formation  of  one  or  more  adducts  at  -B0“,  Further 
studies  (35S,  354,  555)  led  to  the  identification  of  the  stable  1:1  adduct  as 
N2P5'*"AsP6'  according  to  the  publication  by  Young  and  Moy  (L62).  Hie  reaction  product 
at  -80°  approached  the  composition  excess  ASF5  was  evolved  on 

pumping  at  room  temperature.  Other  studies  (^lOS)  have  also  indicated  a  complex 
(NgF4)3(A3F5)g  at  -80®,  according  to  the  NMR  of  the  solid.  The  earlier  studies  on 
the  SbPs  system  have  been  extended  and  published  by  Ruff  (LS2).  Hie  ^®F  NMR  data 
are  consistent  with  the  presence  of  the  NgFj'*’  ion  in  both  products:  NMR  resonances 
;it  -180,  -146  and  -122  for  NgP3AsF0  in  HP  solution;  HMR  resonances  at  -189.9, 

-154.0  and  -128.8  (ZS  for  NgP3SbgF2_^  in  SOg  at  -70®  with  the  characteristic  appear¬ 
ance  of  an  ABX  group.  The  latter  salt  in  HF  solution  gave  resonances  at  -180,  -154 

and  -129  |!!  (476).  The  infrared  spectra  of  the  two  materials  also  indicated  the 
same  cation  and  nine  strong  bands,  corresponding  to  the  expected  nine  fundamentals 
of  the  FgN^NF'^  ion,  plus  normally  shaped  anion  bands  have  been  observed  for  the 
AsFg“  salt  (276a).  On  the  other  hand,  a  tentative  conclusion  that  N^F4‘2SbF5  was 
not  ionic  was  reached,  based  on  NMR  studies  (477). 

The  I^P3AsF0  Is  soluble  without  decomposition  in  BrFg  at  -60°  and  IF5  at 
25°,  but  is  insoluble  in  SF4,  CF3OF,  or  (CF3)2C0  (357)  and  attacks  CFCI3,  CgF3Cl3, 
GCI4  and  ignites  organics  (284b). 

A  number  of  attempted  reactions  of  NgP^"^  salts  are  sunanarized  in  Table 
XT. 


VI-II.  Dlfluoramine 


The  structure  of  dlfluoramine  has  been  determined  recently  by  microwave 
(137)  and  electron  diffraction  (l£9)  methods.  The  microwave  study  led  to  a  dipole 
moment  of  1.93  ^0.02D,  which  was  confirmed  by  the  value  2.01D  in  other  studies 
(236).  The  infrared  spectra  of  HNFg  and  DKFg  (L14)  have  been  reported.  The  heat 
of  formation  of  HNFg  was  redetermined  as  -9  kcal/mole  (359a).  The  study  of  hydro¬ 
gen  exchange  between  HNFg  and  DgO  or  CF3COOD  was  initially  interpreted  as  showing 
evidence  for  the  NFgH^'^  ion,  but  cryoscopic  studies  of  HNPg-H^S04  did  not  give  the 
■oame  conclusion  (184).  Aji  NMR  study  of  the  exchange  between  HlW’g  and  CF3COOD 
showed  second  order  behavior  over  a  narrow  range  of  stoichiometry  (i.e.,  ratios  of 
0.5  to  2.0),  but  at  higher  HNFg/CDjCOOD  ratios  the  rate  increased  and  no  simple 
relationship  was  observed. 
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TABLE  XI 

reactions  of  SALTS 


Reactants 

Conditions 

Result 

Reference 

NgFjAsFg  +  F- 

t-NgPg  ,  NF3 

352 

NgPjAsFg  +  HgO 

Ng,  NO,  NP3,  NgPg 

355 

NgFjAsPg  +  NalPg 

28^  NP3 ,  4^  t-NgPg 

355 

NgPjAsPg  +  KCIO4 

Ground  solid 
mix.,  SS" 

No  rxn.  in  10-15  min. 

355 

NgPjAciPg  +  KSO3F 

Ground  solid 
mix.,  S5“ 

Complete  loss  of  N-F 

355 

NgPjAsFe  +  AgClO^ 

HP 

No  rxn.  (AgCl04  too 

355 

insol.) 

MgPsAsPg  +  KCIO4 

-80%  HP 

Immed.  rxn.,  cig, 

NgF4,  N-0  cpds, 

355 

NgPsAsFg  +  KCIO4 

-50%  SO2 

NOAsPg,  attack  on 

356 

solvent 

rrgPjAsPg  +  NH4CIO4 

-50%  SOg 

NOAsPg,  attack  on 

356 

solvent 

NgPjAsPg  +  (CH3)4NC104 

-50®,  SOg 

NOAsPg,  attack  on 

356 

solvent 

N2P3ASF5  +  HSO3F 

-SO®,  SOg 

Past  rxn. 

356 

N2P3AsPg  +  NH4CIO4 

Solid 

Compatible 

356 

N2F3ASP6  +  (cH3)NC104 

Solid 

Compatible 

356 

N2P3AsPg  +  BrP 

0 

-60® 

Sol.  without  dec. 

357 

N2F3A3F6  +  IF5 

25® 

Sol,  without  dec. 

357 

NgPsAsPg  +  KCIO4 

^^5 

Slow  dec.  to  CIO3P, 

NP3,  t-NgPg 

357 
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TAB12  XI  (ConoludtA) 


Reftotanta 

Condltlona 

Result 

Reference 

MgFjAsFg  +  CaClO^ 

very  slow  dec. 

567 

NgFaSbgFii 

+  CSCIO4 

CD 

0 

0 

CIO3FNF3,  vigorous  rxn. 

357 

NgFjSbaFii 

+  CaClO^ 

Grinding,  &5* 

One  sample  deflagrated 

357 

^2^4  (g) 

+  C8CIO4  (s) 

SbFg  suspension 

White  solid,  dec.  at 

80*  to  CIO3F,  NF3 

357 

NgF^AaFg 

^^CNFg 

SbP5  suspension 

Deflagrated 

357 

03CriFg 

-70*.  SOg 

Immed.  rxn.  to  NgF^, 

NgFg?,  JZfsMsFg 

357 

NgF3AsFg 

"^2 

115 -lao* 

WF3,  AsFg,  traces 

NF4AsFg 

276a 
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Bia  most  important  raaotlon  of  HNFg  to  be  diaoovered  recently  la  that  (in 
the  form  of  ita  KP  ooiaplex)  with  fluoroxy  eoapovinds  aueh  aa  CFg(0F)g  to  give  the  very 
stable  difluoroGuninoxy  analoguea,  e.g.,  CFg(0NFg)g.  Theae  atudiea  have  been  pursued 
at  Rooketdyne  (585,  586,  408).  The  CFg(0Nrg)g  for  example  ia  a  stable  liquid  boiling 
at  -g*  which  la  not  shook  aeneltlve  ana  which  la  stable  in  concentrate  NgS04  at  85* 
for  40  hr.  A  number  of  other  reactions  of  HNFg  are  summarized  in  Table  XII. 
Publications  are  appearing  in  the  literature  on  the  reactions  of  HNFg  with  organic 
compounds.  Results  of  studies  of  the  hydrolysis  (L15),  electrochemical  reduction 
(LSO),  and  reaction  with  anions  of  IIOTg  (L61)  have  been  published. 

Studies  of  the  miscibility,  density  and  stability  under  storage  and  flow 
conditions  for  mixtures  of  IINTg  and  I^Fg  were  made  at  Aerojet  (44). 


VI-I.  Trlfluoramine  Oxide 


The  independent  discovery  of  NFjC  by  Bartlett  and  co-workers  has  led  to 
the  declassification  of  much  of  its  chemistry.  Beurtlett  and  co-workers  first  de¬ 
tected  NF3O  (which  they  named  nitrogen  oxide  trifluoride)  as  a  trace  by-product  of 
the  fluorination  of  NOF  with  PtFg  (to  give  NOPtFg  and  Fg)  (L185)  or  with  OsFg  to 
give  NOOsFg  and  NOOsPy  (Lla).  Iridium  hexafluoride  on  the  other  hand  gave  (Lla, 
L2)  a  stoichiometric  amount  of  NF3O  of  high  purity  according  to  the  equation 


3N0P  +  SlrPg 


20“ 

^ - >  SNOIrFg 


+  NP3O  +  Fg 


the  pyrolysis  of  (N0)2NiFg  at  350“  also  gave  NF3O  together  with  an  approximately 
equal  amount  of  NOP  (12).  The  synthesis  and  properties  of  NF3O  have  been  suramari'zed 
■'’n  9  jot  v  yv''-tlsUev.  oy  tcifintistu  at  Allied  Cliwrloal  (l^S).  ^id  Rjcl:fetuyns ■  Hoif.iiticLc 
have  published  (L17)  a  paper  on  the  infrared  spectrum,  structure  and  thermodynamic 
properties  if  KFjO.  The  thermal  decomposition  NF3O  has  been  reported  to  begin  at 
ab-'ut  235“  (76),  while  other  reports  state  that  it  is  stable  in  nickel  or  Monel  at 
300“  and  attacks  glass  or  quartz  only  slowly  at  400“. 

The  results  of  a  n’jmber  of  other  studies  on  NF3O  are  summarized  in 
Table  XIII. 

Vapor  pressures  were  measured  in  the  rajige  10  -  70“  for  a  1:1  mixture  of 
NF3O  and  C(NF2)4  stability  over  a  41-day  period  at  the  higher  temperature 

was  established  at  Aerojet  (44).  Properties  of  homogeneous  oxidizer  mixtures  of 
NF3O  with  other  components  were  studied  at  Rocketdyne  (427,  395,  400). 


VI-J.  Complexes  of  NF3O  and  the  NFgO"*"  Salts 

In  the  previous  review  (284a)  the  reactions  of  NF3O  to  give  complexes 
with  weaker  Lewis  acids  and  ionic  KFgO^  salts  with  very  strong  Lewis  acids  were 
described. 
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Further  studies  of  the  NF.O-BFj  system  at  Rookatdjme  concluded  (586)  that  the  product 
can  he  either  "ionic"  or  "covalent"  depending  on  the  preparatory  route,  but  the  NFjO- 
AaF5  pi'oduct  was  estimated  from  electronegativity  oonsiderations  and  Hammel  calcula¬ 
tions  to  be  at  least  20%  ionic.  Studies  of  these  materials  have  continued,  but  use¬ 
ful  NF20'''  salts  have  not  been  attained. 

Che  NMR  spectrum  of  the  NF20'''  solution  shows  a  chemical 

shift  which  is  dependent  on  the  anion  and  appsirently  on  the  concentration,  but  es¬ 
sentially  not  on  the  temperature  (75),  Ihe  shift  to  higher  field  is  in  the  order 
SbFg"  <AsF@''  At  -60®  the  SbPg"  salt  appears  to  be  two  singlets,  one  broad 

and  one  narrow  but  at  room  temperattire  a  triplet  is  observed.  Che  NF5O-ASF5  product 
also  gave  varying  NMR  shifts  with  different  HP  samples  (366), 

Solubility  studies  on  NTgCAaFg  showed  (78)  that  it  was  essentially  in¬ 
soluble  in  the  following  solvents  at  the  temperatures  listed;  BrF3,  25®,  (CF3)2C0, 
25“ ;  (CF^CO)gO,  25® 5  HSO3F,  25*;  FF^O,  0®;  CIO3F,  -10®;  SP4O,  -40®;  CFgO,  -40®. 

Che  vapor  pressure  of  NFgOAsFg  was  determined  to  be  10  -  20  mm.  at  room  temperature. 


VI- K.  Cihlorodlfluoramine  and  Dichlorofluoramlne 


Che  chemical  properties  of  ohlorodifluoramine  have  been  stunmarlzed  by 
Petry  (L46).  The  reaction  of  an  aqueous  NaClO  with  difluorourea  appears  to  be  one 
of  the  best  methods  for  generating  sizeable  quantities  of  CINF2  (16). 


Efforts  to  prepare  Hg(NPg)o  from  the  reaction  of  ClNFg  and  Hg  at  -40®  to 
25®  or  in  ethyl  ether  solution  at  25® 'gave  K^F^.  and  traces  of  N2Pg  (17).  In  studies 
of  the  related  compound  CINFCOOR  (R  <»  OgHg  or  C3H7)  the  coupling  reaction  below  was 
apparently  observed  (15,  17). 


CINFCOOR  +  Hg  - 5>  Hg  (NPCCfeR)g  +  R0C0NF[HgN(C0gR)]j^HgNFC02R 

20^  QOi 


Che  Hg(NFCOOR)g  reacted  with  CI2  to  give  the  starting  material  and  with  I2  in 
CH^Clg  to  give  INFCOOR  (without  solvent,  FCOOR  and  N2  were  formed)  rather  than  the 
desired  coupled  compound  (-NFC00R)2  which  was  invisioned  as  an  intermediate  to 
NgFgClg  or  N3F5.  Efforts  to  use  sulfur  of  S2CI2  as  the  coupling  agent  were  incon¬ 
clusive  and  Ca,  Zn  or  Ag  failed  to  give  the  Hg  reaction. 

Another  related  compoimd  C(NFg)jNFCl  (first  prepared  at  3M  in  1964)  was 
found  (15)  to  lose  CINF2  even  at  -196®  In  glass.  An  attempt  to  prepare 
C(NF2)3NFC103  by  the  reaction  of  C(NF2)3NC0  with  C103F/NaF  was  unsuccessful  (15). 

The  research  on  the  synthesis  of  dichlorofluoramine  has  been  published 
(L55a).  This  compound  has  been  synthesized  in  good  yield  and  purity  at  Aerojet 
(15)  from  N-fluoroethylcarbamate; 
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NHF-COOCgHs 


HCIO , 


ClgMT 


This  method  (which  strangely  did  not  work  with  the  propyl  carbamate) 
version  of  a  1961  Aerojet  method  not  included  in  the  previous  review 
bibliography  of  ref.  284a): 


was  an  Improved 
(see  ref.  27  in 


Cl 

HNT'COOCgHs  - ClNFCOOCsHs  >  ClsNF  +  CCfe 


The  pure  ClgNF  prepared  at  5"  was  a  colorless  liquid,  but  reaction  at  -5  to  -10" 
gave  a  yellowish  product  which  contained  COg  and  organic  matter.  The  CloNF  de¬ 
composed  in  glass  at  25".  The  presence  of  BF3  accelerated  the  decompos^ion,  but 
GsF  appeared  to  stabilize  it. 

A  number  of  reactions  of  ClgWF  have  been  attempted  as  summarized  in 
a  e  XIV.  In  general,  the  ClgNF  appeared  to  act  as  a  source  of  NF  radicals  (16). 

‘^(NF2)4  with  (CH3)3C0C1  gave  ClNFg  rather  than  the  desired 

C(KFg)3NClg  (8). 


VI-L.  Miscellaneous  N-O-F  Compo\mds 

A  large  manber  of  reactions  have  been  attempted  on  various  compounds 
which  contain  nitrogen  with  fluorine,  oxygen,  or  both  as  summarized  in  Table  XV. 

Although  NgFg,  N2F4  and  IJF3O  readily  undergo  the  fluoride  abstraction 
reaction  with  Lewis  acids  (e,g.,to  give  NgF+AsPe")  and  similar  reactions  are 
readily  entered  into  by  the  halogen  fluorides,  some  of  the  sulfur  fluorides  and 
OgFg,  this  type  reaction  could  not  be  effected  with  a  number  of  other  N-F  or 

likely  C-F  compoionds.  Thus,  the  attempted  (355)  reaction  with  NFoNO  led  to  degra¬ 
dation: 


KFgNO  + 


-163“  to  -90“.  .... 

"3^5  — — - red  intermed. 


-65“ 


■>  wh. 


solid,  mostly  NClAsF0 


OTgNO  +  ASF5  -115“  to  -90°  ^ 
15  atm.,  7  hr. 


purple  mixt.  "7?°  .>  red  &  wh.  mixt.  25°  ^  NQAsF.^. 

1  wk.  ^  ® 


Arsenic  pentafluoride  acted  as  a  fluorinating  agent  toward  ClgNF  (356). 

ClglSF  +  AsFg  - >  ClNFg  +  AsFj  (no  Clgir'‘AsP6” ) 
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lABLB  XV 

MTSCarUANECEJS  N-O-F  RBAOTIONS 


Heaotants 

Conditions 

Result 

Reference 

NOF  +  CsF 

25-300*,  1400-3140  psi 

NC^I  (no  NFgO“) 

76 

NOjF  +  CsF 

3  hr.  each  at  -70*  &  -45* 

6  days  at  25* 

No  rxn. 

76 

NC^F  +  Fg/CsF 

-70*,  -45*,  25*,  150* 

No  rxn.  in  1  hr.  each 

76 

NOF  +  CsF 

25*,  3  hr.  or  -78*,  16  hr. 

No  rxn. 

77 

NOF  +  CsF  +  Fg 

-78*,  2  hr.  or  25*,  3  hr. 

Some  NC^F 

77 

NOF  +  N2F4  +  CsF 

200*,  8000  psi,  48  hr. 

NF5,  NOF,  NO,  NF3O, 
solid  containing  Cs, 

F,N  (+0?) 

79 

NOgF  +  CsF 

-65* 

No  rxn. 

77 

NC^  +  CsF 

25* 

Some  abs.;  solid  stable 
at  200* 

77 

Solid  above  +  Fg 

200*,  250  psi,  2  hr. 

NCfeF 

77 

Excess  NOg  +  CsF 

200*,  4700  psi,  18  hr. 

1  mole  NQg  abs/mole  CsF 

77 

Solid  above  +  Fg 

200*,  7100  psi,  4  hr. 

NI^O,  NC^F 

77 

NC^  +  CsF  +  Fg 

25°,  3600  psi,  5  hr. 

Some  NCjgF,  (no  NF3O) 

77 

NC^F  +  CsF 

1 

Q> 

0 

Solid  containing  N,F 

121 

NOg  +  (CF30)g0 

70°,  16  hr. 

(CF50)g,  CFgO,  NCg 

79  • 

NOF  +  PtF 

25* 

Fg,  NF3O,  NO^  salt 

■79 

NOF  +  IrFg 

25* 

NF3O 

79 

NgO  +  CsF 

25-400*,  10,000  psi  max. 

No  rxn. 

76,78 

NgO  +  Fg  +  CsF 

200-400*,  9500  psi  max., 

15  hr. 

Some  Nl^,  NF3O  two  runs 
exploded 

78 

NgO  +  PtF0 

25* 

No  rxn. 
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TABLE  XV  (Continued) 


Reactants 

'  Conditions 

Result 

Reference 

NgO  +  IrPg 

as* 

No  rxn. 

79 

NO  +  aF4 

as  or  125* 

No  rxn. 

259 

NOg  +  OgPg 

-130* 

NCgP 

266 

NO  +  OPg 

NQgP,  NOP 

284 

NOg  +  CIP3 

liq. 

No  evidence  of  ions 

301 

NagK^Og  +  Fg 

CCI4 

NaP,  no  NFO  anion 

335,333 

NOs”,  NOg-  or 
NgOg"  +  Fg> 

OFg  or  GIF3 

-110®  to  350* 

0.5  to  1200  atm. 

No  NFO  anion 

335 

CSNO3  +  Fg 

-40*,  25* 

CsF  at  25®  only 

335 

NQg  +  CsF 

25,  100,  200*;  10-72  hr. 
each 

CSNO3  (no  N-F) 

335 

NgO  +  CsF 

300®,  24  hr.;  100®,  4 

hr. 

No  rxn. 

335 

NOP  +  CsF 

25®,  20  atm.,  72  hr. 
150®,  30  atm.,  12  hr. 
80®,  1,200  atm.,  1  wk. 

] 

No  rxn. 

335 

NOgF  +  CsF 

25®,  20  atm.,  72  hr. 
150®,  30  atm.,  12  hr. 
25®,  825  atm.,  1  wk. 

1 

No  rxn. 

335 

NC^  +  AsFg 

NpgAsF0,  NQAsFe  (not 
NC^*AsF5  as  in  Lit.) 

354 

ClONOg  +  Me4NBrCl 

•2 

Me4NBr(N03)2 

437 

AgNOg  +  Me4NICl4 

Me4Nl(N03)^ 

436 

(CPj)gNO  +  Fg 

(CF3)2N0F 

532  d 

(Cp3)gN0  +  NOg 

25® 

(CF5)2NQN0g, 

(CF3)2N0N0, 

(CFj^gNOONO? 

532d 

(CP3)2N0  +  NgP4 

(CP5)2N0NFg 

532d 
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TABLE  XV  (Oonoluded) 


Reactants 

Conditions 

Result 

Reference 

NOgOF  +  r%F4 

elec,  disch.,  -40® 

Nl^,  NOg,  SiF4 

532a 

NF3  or  ]!^F4  + 

flame 

No  :NF  observed 

537 

Hg  or  CSg 

The  reaction  of  ClgNF  with  reversibly  formed  a  Isl  coinplex  at  -78* 
which  contained  the  BF4"  according  to  infrared  analysis  (18).  Neither  ASF5  nor  BFj 
reacted  with  CF3OP  (356),  but  decomposition  occurred  with  BF3  and  either  N,N,N'- 
trifluoropentoxyforaiamidine  or  l,2-bis(difluoramino)cyclohexane. 

The  attempted  fluoride  abstraction  reaction  on  (NFg)3CF  to  give 
(NFg  )3C"'‘Sbrg"  led  only  to  degradation  (17  )j 


PS  ®  S  0^ 

(NF2)3C!F  +  SbFs  >  No  rxn.  >  (NIlg)2CFg  +  t-NsFg  +  Ng  +  NP3  +  CF4 


At  35®,  reaction  was  incomplete  after  17  hr.  but  the  gaseous  products  were  the  same. 
The  unidentified  solid  product  melted  at  75  -  80® . 
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CHAPTER  Vll 

INORGANIC  HALOQEH  FLUORIDES  AND  DERIVATIVES 


VII-A.  Chlorine  Pentafluorlde 

Several  publications  on  the  preparation  and  properties  of  chlorine  penta- 
fluoride  have  appeared  In  the  literature  since  the  previous  review  (284a).  Included 
are  publications  on  the  fluorlnation  of  ClPj  under  ultraviolet  radiation  (l119)  and  by 
platinum  hexafluoride  (L120),  on  the  thermal  equilibrium  of  ClFji  Fg,  ClFg  (L107)  and 
a  paper  (L125)  from  the  Rocketdjme  Laboratories  on  the  preparation  and  properties  of 
ClFg.  Rocketdjme  has  issued  recently  a  Chlorine  Pentafluorlde  Handbook  (415)  as  well 
as  an  Interhalogen  Handbook  (415a)  which  is  primarily  a  compilation  of  engineering 
properties,  handling  characteristics  and  design  criteria  for  ClFg  and  ClFg,  plus 
selected  data  on  other  Interhalogens.  The  electrochemical  preparation  of  CIF5  has 
bean  studied  (417)  and  an  evaluation  made  for  the  use  of  this  method  in  a  large  scale 
(0.1-1  million  Ib/yr)  manufacturing  process  (409,  410).  Chlorine  pentafluorlde  has 
been  made  available  commercially  in  laboratory  quantities  by  Allied  Chemical  Corpora¬ 
tion  (Industrial  Chemicals  Division).  The  publication  from  Rocketdyne  (L125)  gives 
the  NMR  chemical  shifts  as  -412  ^  (apical  fluorine)  and  -247  ^  (basal  fluorines). 
These  values  were  previously  reported  (284a)  as  -428  and  -258  The  mass  spectra  of 
CIF5  and  BrF5  have  been  rechecked  (66b)  and  the  following  intensities  observed: 

C1F4'^,  100;  ClFg+,  100;  CIF"^,  30;  CIF3+,  23;  ClFs"^,  ~  0 

BrF4'^,  100;  BrFg"*',  30;  BrF"^,  30;  BrFs"'’,  25;  BrPg"^,  0.8 

A  purification  procedure  reported  (75)  to  give  99+^  pure  ClFg  consists  of 
adding  excess  BFg  to  trap  ClOgP  (in  the  form,  C1C^BF4)  at  -111®,  followed  by  fraction¬ 
ation  through  traps  at  -130®  (which  retains  ClFg)  and  -196®. 

Among  the  most  interesting  reactions  involving  ClFg  to  be  reported  is  that 
from  the  Olin  Mathieson  Laboratories  (275a)  to  give  Cs'^’ClFg".  The  reaction  was  ob¬ 
served  from  25®  to  100°  in  100  to  300  hr.,  in  the  absence  of  metal,  with  the  best  re¬ 
sults  as  shewn  below: 

CsF  +  GlFcr  — >  CsClFfi  +  CsClF.  +  CsF  (36^:35^:30^) 

Teflon  system 

The  reaction  with  RbF  at  70®  was  reported  to  give  28^  yield  of  ClFg"  while 
that  with  KP  gave  only  a  6^  yield.  The  identification  was  based  entirely  on  elemental 
analyses  of  the  mixtures,  plus  the  observation  that  ClFg  and  ClFg  were  evolved  and  CsF 
remained  upon  pyrolysis  at  200® .  The  actual  existence  of  the  ClFg"  ion  would  be  most 
interesting  since  it  would  be  a  pseudoheptacoordinate  structure  which  is  without 
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precadence  In  the  second  row  sleraenta.  The  Csli’g+  ion  would  he  Isoelactronic  with  the 
known  stable  XePg  molecule,  and  the  presence  of  the  salt  Csfg+ClP^"  as  aji  alternate 
possibility  for  fJs'^ClPg”  has  been  suggested  (S76b),  Spectral  data  are  obviously  needed. 

The  reaction  chemistry  of  ClPg  has  been  pursued  vigorously,  as  illustrated 
by  the  results  summarized  in  Table  XVI. 

Evaluations  of  the  properties  of  ClPg  as  an  advanced  propellant  ingredient 
have  included:  Rocketdyne's  physicochemical  characterization  studies  (367,  308) 
(compatibility  with  metals  and  metalloids,  properties  of  homogeneous  liquid  mixtures 
among  the  components  CIF-,  CIF3,  CIO3F,  CP(NFg)3,  C(NCfe)4,  IHP5O  and  I^gP4)5  properties 
determination  and  theoretical  performance  calculations  with  ClFc^  and  N2F4»  G(NPg)4  or 
C(NQg)4  (392  -  394)5  and  engineering  properties  studies  of  CIF5,  CIP3,  Ng04  and 
various  fuels  (396,  397).  Aerojet  General  has  also  studied  the  physical  properties, 
stability  and  atorability  of  ClF2-r^P4  liquid  mixtures  and  the  gelling  of  CIF5  with 
10  wt.^  Ba(SbFg)g  (44),  the  passivation  with  CIPr  and  its  behavior  with  selected 
fuels  (51  -  53),  including  test  firings  with  mixed  hydrazines  (56,  32)  and  the 
heat  transfer  characteristics  of  ClFg  (44a).  Reaction  Motors  has  studied  the  vis¬ 
cosity,  heat  capacity  and  thermal  stability  of  ClPt^  (359),  properties  of  mixtures  of 
CIF5  with  NgF4  (360  -  363),  properties  of  dispersions  of  B4C  in  CIP5  (364), 
theoretical  calculation  of  CIP5  and  CIP3  with  boron  slurries  (367),  motor  firings 
with  CIF5  and  Borol  502  (368)  and  other  studies  with  fuels  (369). 


VII-B.  CIF5  -  Lewis  Acid  Complexes 

The  nature  of  the  reaction  products  of  CIF5  with  the  Lewis  acids  AsPg  and 
SbPg  has  been  the  subject  of  considerable  research.  As  reported  in  the  previous  re¬ 
view  (284a)  the  ClFg'AsPg  product  is  a  solid  with  a  high  dissociation  pressure 
(150  mm.  at  0®)  and  the  ClPs'SbJ's  product  was  a  low  melting  (34  -  36®)  solid  with  a 
low  dissociation  presswe  (apparently  nonvolatile  at  100® )  which  gave  evidence  of 
being  ionic,  i.e.,  ClP4'*’SbFg".  The  previously  inconclusive  NMR  and  IR  studies  on  both 
complexes  have  been  pursued. 

In  studies  at  Allied  Chemical,  the  ClP5*AsF5  complex*  was  insoluble  in  SFg, 
gave  a  very  weak  I®IR  resonance  a.t  p  =  271  ppm  in  ASF5  and  a  red  solution  in  BrFs  which 
faded  to  pale  yellow  over  several  hours  (76).  One  HMR  sample  in  BrP5  at  -60  to  -80® 
showed  a  weak  doublet  at  ^  =  -265  ppm  (which  tended  to  sharpen  at  lower  temperature) 
plus  a  broadened  BrF5  signal.  A  second  sample  showed  only  BrF5  as  a  pentet  at  -271 
ppm  and  a  doublet  at  -132  ppm.  Some  ClOjF  and  BF3  were  observed  in  the  gas  phase. 
Neither  pure  CIF5  nor  ASF5  had  absorptions  in  the  -265  ppm  region,  while  BrFs-AsFs 
mixture  showed  only  a  broad  signal  at  -107  ppm.  In  further  studies  (77)  the  BrF,^ 
spectrum  is  reported  as  a  doublet  at  -271  and  a  triplet  at  -132  ppm.  When  ClF5,^BrF5 
and.AsFs  were  combined  and  equilibrated  at  -45®,  a  doublet  at  -265  ppm  was  also  ob¬ 
served  and  tentatively  assigned  to  CIF4+.  relative  rates  of  formation  of 

ClPs-AsFs  and  BrFg-AsFs  would  appear  to  be  an  important  consideration  here.) 

Efforts  io  get  an  elemental  analysis  on  ClF5'AsF5  were  unsatisfactory  (76). 
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!!VVBLS  m 
reactions  01'  CIF3 


Reactants 

Conditions 

Hesu3.t8 

Reference 

KIO4 

no  new  products 

75 

I2O5 

no  new  products 

75 

IgOs/HF 

0 

<D 

1 

CIO3F,  ClOgP,  IP5 

77 

HgO/HP 

-70“ 

GIC^F,  ClCfeP,  CIC^ 

77 

CsF 

-30“,  12  hr. 

no  rxn. 

77 

CsF 

-78“ ,  35  hr. 

no  rxn. 

77 

LiC104 

-78“ 

4^6  CI2O7,  trace  unldent. 
mat.? 

76,77 

KSO3F 

25“ 

no  rxn. 

80 

KSO3P 

140-170* 

SPgOg,  Cg,  KCIF4  or  KOlFg 

80 

SlOg/CsF 

25“ ,  16  hr. 

SiP4,  Og,  unident.  solid 

80 

PF3O 

-111“  to  -78“ 

some  CIC^F,  CIO3P 

80 

PF3O 

-78“  to  -30“ 

some  PP5,  unldent.  vh.  solid 
which  gave  CIP3  and  1^30 
(5  mm.  at  25“ ) 

80 

SO3 

-23“,  4  hr. 

some  S2C^Pg,  SP2O 

80 

SO3 

23’,  1  hr. 

ClOgP,  CIO3P,  SgOsFg,  SPgCg 

80 

HSO3P 

slow  reaction 

79 

O2 

3-4  X  lO^:  psi,  300-400* 

no  CIP5O  or  CIP7 

117 

OF2 

3-4  X  10^  psi,  300-400“ 

no  CIF5O  or  CiPy 

117 

Fg 

3-4  X  10^  psi,  300-400“ 

no  CIP7 

117 

Pg  (9.3X) 

43,800  psi,  440“, 

48  hr. 

mass  spec,  peaks  in  147- 
150  range 

119 
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TASLE  XVI  (Continued) 


Reactants 

Conditions 

Results 

Reference 

Fg 

Y,  S5,000  psi,  2S“,110  hr. 

no  CIF7 

119 

Og 

120  to  420* ,  44  - 
108  hr. 

CIPS,  CIF3,  Clg,  C102F,  MF, 
etc.,  unldent.  prod. 

77 

elec,  disch.  (static 
and  flow) 

complex  mixture,  unldent.  prod. 

77 

OFg 

elec,  disch.,  -196® 
(01^5(3)) 

complex  mixture,  unident.  prod. 

77 

OgFg 

complex  mixture,  unident,  prod. 

77 

NOF 

-78* 

~1:1  complex  stable  <-20° 

301,337 

NOF 

-108° 

no  evidence  of  interaction  by 

NMR 

420a 

;TOF/CsF 

<-20° ;  preformed 

NOF-ClFs 

no  CsClF0 

301 

NOgF 

-78° 

liquid  complex  stable  <-35° 

342 

NC^F 

-60°  to  -80° 

no  evidence  of  interaction 
by  KMR 

420a 

ClFgAsF0 

cn 

0 

no  rxn. 

301 

KNO3 

0 

in 

CVI 

no  rxn. 

301 

CsNOg 

NCgF,  ClOgF 

301 

KCIO4 

CIC^F,  KP 

301 

KDIO3 

some  CIC^F 

301 

StFs/HF 

1;1  adduct  immediately 

301 

HgC^ 

^ ;  ''H 

violent  rxn. 

301 

l2Cfe  IE5»  IJ’7>  CIC^V,  Cipg,  Qg 

( sudden  rxn .  after  ~5  min . 
delay) 
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TABLE  XVT  (Continusd) 


Reactants 

Conditions 

Results 

Reference 

C^AaPg 

ClPgAflPe? 

301 

Ba(3bP£,)g 

no  gel  formation 

301 

Ba(BlPg)g 

no  gal  formation 

301 

Bft(SbFg  )g 

10  wt. 

gel 

44 

elec,  disoh.,  10  ram. , 

-AO  to  -10® 

ClPy,  CIP5F,  ClOgF,  ClCg, 

HP 

338 

NPs 

325",  S12S  psig,  20  hr. 

soma  CIP3  and  Fg 

339 

OFg 

300®,  2950  psig 

dec.  of  OPg 

339 

NiFg-4P^0 

200® 

ClCgF,  CIO3F,  HP 

339 

CIC^/T^ 

110® 

ClOgF,  Clg 

339 

In  Og 

-78®,  CFgClg 

CIC5F,  cioeP,  CIF3 

339 

riagOg 

150® 

NaF,  Og,  CIF3,  GIF,  Cl^ 

341 

c,lp-  '?)gFg 

-78  to  150® 

V.  si.  dec. 

342 

Clg 

25° 

no  rxn. 

387 

CIO^. 

el 

25® 

no  rxn. 

387 

Graphlts 

25® 

10  wt.  ^  CIP5  absorbed 

387 

NO 

25® 

KOF  +  Clg 

387 

CO 

CFgO,  CIFCO 

387 

HgO  or  metal 
hy(ii:ates 

ClCgF  or  CIO3F,  ClOg 

387 

NOg 

ClCgP,  ClCg,  NCgP,  NOF 

387 

P2P5 

PF^O,  02*  *^^2 

387 

SFgCg,  Clg,  Og 

387  ' 
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TABLE  m  (Continued) 


Reactants 

Conditions 

Results 

Reference 

Mi  sc. 

hydroxides 

HI’,  O2,  Cl-O-F  mixtures 

387 

KCIO3 

25* 

ClOpF,  CIO3F,  ClOg,  02, 

KCIP4 

387 

K)C104 

25*  or  150* 

no  rxn. 

387,420a 

KDIO4 

HF,  25° 

KHFfe,  ClCg,  FCIO2,  FCIO3 

420a 

NaN02 

25° 

NCgF,  WOP,  WOg,  CIO2P,  CI2, 

NaF 

387 

NaNOj 

25* 

WC^F,  CIC^F,  NaF 

387 

NaTO, 

PiP,  25* 

> 

WCfeF,  CIO2,  ClCfeP,  CIO3F 

420a 

Na^SOj 

25° 

no  rxn. 

387 

NagSOj 

150° 

SFgCg,  SP0,  ClQg,  CI2,  P2, 

NaF 

387 

25* 

no  rxn. 

387 

Na2S203 

150* 

same  as  with  803“ 

387 

CsF  or  KF 

25*  or  150* 

no  rxn. 

387 

EP5 

0* 

no  rxn. 

387 

BF3 

-112* 

no  rxn. 

387 

(CF3)2C0 

25* 

fluorination 

387 

(CF3C0)20 

25* 

fluorination 

387 

CCI4 

25* 

CI2,  CFCI3 

387 

CHCI3 

25* 

CHFCI2,  CI^Cl,  CF4,  CI2, 

CFCI3 

387 

XeF4 

25* 

solubility  5.5  g/lOO  g 

CIP5 

393 

XeFs 

low  solubility 
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table  XVI  (Concluded) 


Reactemta 

Condltlona 

Results 

Reference 

HsO 

0 

0 

CIC^P 

420a 

KBrPs 

no  BrPjO 

42  Oa 

HNPg 

1 

a> 

0 

0 

ClNPg,  NjgF4, 

420a 

2CsP*ClgO 

0“ 

CaClFg,  CIP,  ClCfeP 

423 

ICgF 

ClQeP,  some  CIO3P;  no 

CIP3O 

426 

IgCs 

CiqgP,  some  ClOg;  no 
cipiso 

426 

H5(N03)2 

-30*  to  25* ;  fast 

Os,  NOsF,  ClOgP,  CIF3,  trace 
NCfeOClCfe  ? 

426 

Pb(lI03)2 

-SO®,  excess  GIF5,  alow 

NOsF,  CIO2F,  PbJ^ 

426 

NT’s,  P2 

100®,  3000  pai,  65  hr. 

trace  NF4CIP6  ? 

487 

SbFs,  Pg 

A,  press. 

complex  product 

487 

Ar,  P3 

h  V,  4*k 

trace  C15^0  ? 

532a 

Pg 

Y,  -196* 

no  new  products 

532a 

CIP5 

elec,  diach.,  -80* 

dec.  of  some  ClCfeF,  CIO3F, 
no  (ClP4)g 

420a 

CIP5 

h  V,  -190* 

no  EPR  evidence  of  CIP^* 

77 

CIF5 

hv,  -190°,  CP^,  CgF0, 

SF6 

no  EPR  evidence  of  CIF^’ 

77 

CIP5 

hv,  -190®,  CP^/CPClj  llq. 

no  EPR  evidence  of  CIF^’ 
or  C1F^» 

77,78 

CIP5 

hv ,  -190°,  NTj  liq. 

no  EPR  evidence  of  C1P4* 

78 

or  ClPg. 

CIF5 

elec,  dlsch.,  flow  system 

see  only  F>  in  EPR 

78 

CsF 

25°,  300  hr.  in  Teflon 

CaClPe  in  mixtxire  with 

CSCIF4,  CsP 

275a 
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With  more  dilute  aeunples  (SO  mole  $  BrF5)«  a  broad  peak  at  -SO  ppm  and  a  peak  at  -BBS 
ppm  were  obaerved.  In  a  1:1:1  sample  a  broad  peak  at  -lOO  ppm  was  observed  In  the 
three  oomponent  system,  but  normal  spectra  were  obtained  in  a  CIF5  -  BrPg  mixture  at 
-45®.  A  mixture  of  BrFs  ajid  AaF5  gave  a  yellow  solution  at  first,  but  this  turned  red 
on  storage  at  -40® .  The  MMR  of  the  latter  was  a  broad  peak  at  -106  ppm  and  a  small 
unexplained  peak  at  -90  ppm.  A  second,  more  concentrated  sample  using  less  pure  BrF5 
showed  only  a  -107  peak.  No  paramagnetic  species  were  observed  in  the  red  solutions. 
The  coniblnation  of  ClFj,  BrFg  and  AsFg  on  the  other  hand  gave  a  white  solid  at  -40®  and 
only  weak,  poorly  resolved  NMR  peaks  were  observed.  The  -265  ppm  peak  was  therefore 
tentatively  assigned  to  CIF^'*’.  Uie  ClFg'SbFg  salt  in  SbFg  gave  only  a  -274  ppm  peak 
downfield  plus  a  broad  peak  above  100  ppm  from  the  fluorines  on  antimony. 

In  further  studies  (76)  of  ClPg’AsFg  in  BrPg  a  very  broad  NMK  peak  (-150  to 
-87  ppm)  was  observed  but  these,  as  well  as  the  previous  results,  were  considered  in¬ 
conclusive  because  of  HP  impurities  in  the  solvent,  i.e.,  the  HP  promotes  fluorine  ex¬ 
change  with  dissolved  salt  although  it  does  not  with  HrPg  alone.  Thus  —1  M  CiPs'AsPs 
in  HP  gave  only  one  broad  peak;  +170  ppm  at  -SO®  or  +188  ppm  at  -80® .  On  the  other 
hand  when  excess  GlPe;  was  dissolved  in  excess  SbPg,  the  resulting  solution  at  45® 
showed  an  IJMR  peak  at  -274  ppm.  At  25®  some  solid  precipitated  and  this  peak  was 
broadened,  while  at  0®  or  -60®  only  the  Sb-F  peak  at  +109  was  observed.  Uie  ClPs'SbPg 
was  not  soluble  in  BrPg  (79).  However,  when  CIF5  was  added  to  a  solution  of  SbPg  in 
BrPs,  a  white  solid  which  formed  initially  redissolved  on  standing  at  25®,  The  CIF5 
was  observed  (NMR  examination  of  six  samples)  when  the  ClFg/SbPg  ratio  was  4:1,  but 
not  when  it  was  2;1.  With  a  1;1  ratio  (at  -35®)  the  BrPg  resonances  were  averaged  at 
-154  ^  and  the  SbPg  at  +121  but  with  a  2:1  ratio  (at  -40®)  the  BrPg  peak  was  un¬ 
resolved  at  -167  0  in  one  sample  but  partially  resolved  at  -276  and  -138  ^  in  another. 
No  evidence  for  ErP^"*"  was  observed  in  the  BrFg  -  SbFs  system;  at  -40®  only  partiall:^ 
resolved  BrPg  was  observed  while  at  25®  the  BrFg  average  was  at  -le?  and  the  SbP 
species  averaged  at  +109  ppm. 

Efforts  at  Monsanto  (301)  to  get  the  infrared  spectrum  of  ClPg-5bPg  product 
(formed  by  rapid  reaction  in  HP)  in  KBr  or  KCl  pellets,  or  Kol-P  mulls  gave  incon¬ 
clusive  results  because  of  the  reactivity,  but  some  differences  from  the  spectrum  of 
GlPgSbFg  were  detected. 

A  lengthy  research  effort  has  been  performed  at  Rocketdyne  on  the  IR  and  NMR 
of  ClPg'AsPg  complex. 

The  1;1  complex  was  formed  at  -80®,  then  warmed  to  25°  before  being  con¬ 
densed  at  -186°  onto  a  AgCl  window  of  the  IR  cell  (385).  (This  method  raises  the 
question  of  whether  the  complex  reformed  normally  upon  condensing.)  The  spectra  of  the 
complex  and  of  solid  ClFg  and  ASF5  were  taken  at  -196°  (the  CIF5  showed  an  anomalous 
strong  band  at  686  cm"l  vrhich  was  attributed  to  CIF4"  or  ClFg").  The  spectrum  of  the 
complex  was  relatively  simple,  suggesting  symmetry.  A  band  at  817  cm"^  was  at¬ 
tributed  to  the  01 -F  stretch  and  a  band  at  743  cm"^  to  the  As-F  stretch.  The  latter 
is  abnormally  high  for  AsPg"  and  was  therefore  taken  to  indicate  a  fluorine  bridged 
structure,  F4C1-F- > ‘AsFs.  (Bending  vibrations  were  at  586  and  514  cm"^  in  the  com¬ 
plex.  )  Prom  correlations  of  the  Hammet  <7  constants  for  a  number  of  fluoro  salts  and 
the  apparent  shift  of  the  AsFg"  band  an  estimate  of  20^  ionic  character  was  made  for 
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ell’s -AsP^  (58C).  Iho  calculated  eleotronegatlvltlee  of  some  of  the  fluoro  species 
were;  NgF  ,  £.05;  NPgO'*',  8.25;  CIP^'*',  2.2;  ASP5,  5.2.  (On  this  scale  the  Ojg'''  ion  was 
1.76.)  Although  CIF^  and  KPgO'*'  have  about  the  same  eleotroneeatlvity,  tho  latter 
was  Judged  to  give  a  more  lonio  salt  with  AaFg**,  because  It  does  not  have  available 
orbitals  to  enter  into  fluorine  bridging  as  the  CIP'^  does. 

MR  studies  also  gave  evidence  for  the  covalent  and  ionic  forms 
P5AS  ♦—  CIP4+ASP6"  and  PgAs  < —  C1P4“F-AsJ^  in  addition  to  the  Itl  complex,  but 
no  evidence  for  the  free  C1F4'^  ion  (402).  Iheso  studies  included  solid  samples  at 
-80*  and  25*,  solutions  in  BrFg  (changes  with  aging  in  these  solutions  were  attributed 
to  precipitation  of  the  more  ionic  forms)  and  the  gases.  No  reference  standards  were 
used  unfortunately. 

A  few  reactions  have  been  attempted  with  the  ClF4SbFe  salt  or  the  ClFs'AsFg 
complex  as  summarized  in  Table  XVII. 


TABLE  XVII 

REACTIONS  OF  CIP5  -  LEWIS  ACID  COMPLEXES 


Additional  reactions  of  ClPg'Lewis  acid  complexes  which  have  been  attempted  include; 


ClP4SbF6  +  NP3  -i22l>  NI^s,  CIF5  solid  with  SbFstClPs  >  1  339 

ClF43bPe  +  OF2  some  tTg,  Fg,  CIP5  339 

7eo  i  OSO* 

ClF4SbFe  +  NagOg  . . >  CIO3F, ,  ClOgF,  CIF55,  CIF5,  342 

Ogi  NaSbPp 

ClFs-AsFs  +  %0(a)  -21j>  ClFg,  ASF3O,  HP  420a 

ClFs'AsJV  +  1^03  >  NaAsP6(?),  NOoAsPe,  Clg  4,20a 

ClFs-AsFs  +  KNO3  CIF5,  K'^AsF5N03’(?)  420a 

ClFs'AsPs  +  KNO3/HF  KHF^,  NO^sPg,  CIO2,  ClOgF,  CIO3P  420a 


ClPs'AsFg  +  (CI^CO)20  ~51>  exploded 
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Vll-C.  C?hlorlne  'Irlfluorl'^e  and  Derivatives 


The  chemistry  of  CIF3  has  not.  bean  extended  appreciably  since  the  previous 
review  (sa4a).  A  publication  by  Christe  and  Bavlath  (Lllfi)  gives  evidence  that  the 
Cir^-AsPs  reaction  product  is  ClPgtAaF6“»  tut  infrared  assignments  in  this  paper  have 
been  retracted  by  Christe  and  Sawodny  (1,115)  who  o'oserved  new  bonds  in  ClP2AsP@  and 
ClFgBP4  at  -196® .  The  melting  point  of  CipgSbPg  has  been  established  as  285  -  228® 

(342).  Christe,  Sawodny  and  Ouertin  have  concluded  from  analysis  of  vibrational 
spectra  (L115)  that  the  ClPg“  ion  (L109,  1,110)  is  lineBjr.  A  paper  by  Christe  and 
Ouertin  on  spectra  of  salts  of  the  CIP^"  ion  has  also  appeared  (Llll). 

Electrical  conductivity  measweaents  on  a  solution  containing  CIP5,  BrP,^  and 
show  (138)  that  it  is  an  excellent  conductor  (7.6  x  10“3  ohm"^  cra"^)  at  -60*."  On 
the  other  hand,  combination  of  CIP3  with  BrPg  and  AsPg  gave  a  white  sparingly  soluble 
salt  at  “40®  (77).  Conductivity  data  on  the  ClPg-KNC^  system  were  inconclusive,  re¬ 
garding  the  presence  of  ions,  but  no  evidence  for  ions  was  observed  with  the  Cll^-Na04 
system  (301).  Conductivity  measurements  on  the  systems  CIP3-IP5  or  ClI^-ClOsF  did  not 
give  evidence  of  any  ions  while  the  system  CIP3-CIO3P-C8F  appeared  to  have  the  ions  (337) 
Cipg'^CsPg-  thovight  to  be  present  in  CIP3-CSP  mixture.  The  conductivity  of  BrPg  was 
not  changed  significantly  by  the  addition  of  CIP3  (337).  Ihe  mixture  ClF3*2BrF5*Brp3 
was  successfully  gelled  with  Ba(SbFg)2  (302)  In  studies  of  potential  incendiary  agents. 

A  number  of  reactions  of  CIP3  which  have  been  studied  are  summarized  in 
Table  XVTII. 

The  results  of  a  number  of  recent  studies  of  the  reactions  of  the  CIF3 
derivatives,  the  CIF^,'*'  and  C1F4"  ions  are  summarized  in  Table  XTX. 


VTI-D.  Chlorine  Trifluoride  Oxide  and  Related  Compounds 

The  numerous  efforts  to  prepare  higher  chlorine  fluoride  oxides  (i.e.,  in 
addition  to  the  well  known  CIO3P  and  CIC^P)  have  lead  to  the  discovery  at  Rocketdyne 
of  chlorine  trifluoride  oxide,  CIF3O,  (also  called  oxychlorinetrifluoride  ,and  given 
the  code  name,  Florox).  Efforts  to  obtain  C1F3C^  or  ClPgO  have  not  been  successful, 
but  evidence  has  been  obtained  for  an  unstable  FCIO. 

Discovery  and  properties;  Chlorine  trlfluorlde  oxide  was  first  detected  in 
early  1965  (420)  as  an  unidentified  product  of  the  fluorination  of  CI2O  over  CsF  at 
-80°.  The  ClPjO  was  evolved  in  low  yields  upon  warming  the  residual  solid.  Positive 
Identification  of  CIF3O  soon  followed  (420a),  the  boiling  point  and  melting  points 
fis:ed  at  30i5°C  and  -68  1 3® C, respectively,  and  the  stimcture  suggesbed  to  be  Cs 
symmetry  on  the  basis  of  the  infrared  spectrum  (absorption  bands  at  1220,  680,  490, 
320  and  280  cm"^).  The  NMR  spectrum  was  a  single  broad  resonance  at  ^  =  -279  ppm 
with  either  neat  liquid  or  in  CFCI3  or  Clg  solutions  at  -88®. 
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TABLE  XVllI 

REACTIONS  OP  CIF3 

Reactants 

Conditions 

Results 

Reference 

OFp/KP 

25*,  48  hr.,  shaking  KDIF4  formed 

79 

(CP50)20 

25® 

NR 

80 

OPg 

140  -  170* 

SPgOg,  Cfe,  KDlPg 

80 

KSO3F 

25",  48  hr. 

small  amounts,  SFgOg,  ClC|gF 

80 

KSO3F 

-78® 

Clg,  ClCfeF  (no  ClONFfe) 

122 

CSSO3P 

70®,  16  hr. 

(CF30)g,  Og,  unchemged  CIF^ 

79 

GlONOg 

150®,  5500  pal,  18  hr.  some  ClC^F 

80 

OFg 

100  -  400®,  static 

or  flow  ClOgF,  CIO5P,  ClOg 

346 

elec,  diach.,  -15® 

or  -78®  CIP,  ClOgP,  CIO3F,  CIOs, 
impurities 

346 

OF2 

elec,  dlsch.,  -196® 

as  above  plus  some  CIP5, 
OgClPj't 

346 

0- 

-150® 

CIC^P,  CIP3F,  ClCg 

346 

O3 

inconclusive 

330 

NO3-,  NOg- 
or  NisOa* 

-110  to  350® 

0.5  to  1200  atm. 

no  NFO  anions  in  product 

335 

CaNOj 

25® 

CeClF4  +  CsF 

333 

OF2/CECIF4 

200  -  300®,  680  atm 

.  CIP^,  ClOgP,  CIO3F,  Qs,  Fs 

336 

OFg 

ClPs 

336 

Og 

elec,  diach.,  25® 

CIF5,  CIC^,  ClOjF,  ClCgF, 
impurities  +  unident.  mat. 
abs.  6.2  4 

337 

OFg 

280®,  1350  psig 

sane  CIF5, 

339,341 

^3 

-78® 

CIO3F,  CIC^F 

339,341 
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TABLE  XVllI  (Concluded) 


Reactants 

Conditions 

Results 

Reference 

O3  (5^  In  O2)  CTfeClg,  -78* 

small  amounts  ClOsF,  ClOgF 

S40 

O3  (5^  in  0^) 

-78“ 

as  above  plus  ClOg 

S40 

BlPjjFg 

250*,  1000  pal 

ClPg+BlFe"? 

276a 

O3 

attacked  Kel-F  IR  cell  rxn. 
vessel 

420a 

HNFg 

fast  rxn.  on  warning 

C1WT)3  +  1^F4  +  HP 

420a 

HNPg  •  BPj 

-80“ ,  slow 

ClREg,  etc. 

420a 

CSCIP4O 

CSCIF4,  +  CIP50 

424 

KCIO3 

25*,  16  hr. 

ClQgF  +  ClOg 

420 

HgO 

-18“  to  +25* 

trace  ClFO?,  HF,  ClCg 

425 

GlgO 

-50*,  NaF 

ClOgP  +  CIF  (ClFO  interned.?) 

423 

NPj  +  Fg 

160“ ,  3000  psi,  65  hr. 
small  amounts 

NF4+CIF6"  ? 

487 

Fg  +  BFj 

ClFgBF4 

593a 

elec,  disch.,  -196* 

ClOg? 

537 
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TABLE  XDC 

REACTIONS  OP  ClFg^  and  C1P4“  SALTS 


ClPgSbF0  +  OPg  some  Cir5,  Og  and  Clg 

20  hr. 


References 

559 


ClFgS'bP5  +  WagOg 


125’ 


24  hr. 


^  NR  I-  sudden  reaction 


50  min. 


to  CIP3,  CIP 
ClCgP,  Og, 
NaSbPe 


-'/a’/ciF, 

ClFgSbFs  +  O3  .  ■  small  amounts  CIO5F,  CIO2F  from  ClI^ 

CSCIP4  +  HP - >  CsHFg  +  CIP^ 

MCIF4  +  HgO  ciOg,  Clg  (no  MClIfeO  or  PCIO) 


542 


541 

489 

425 


CSCIF4  +  NagOg  >  CsP,  NaP,  Og,  Clg 


341 


CSCIF4  +  NF3  '"'2^'  Kr  ^ 

CSCIP4  +  OPg  Pa,  Pg,  ClOgF,  CIO5P,  CIP5,  CsgNlFe 


339 


336 


CaClF4  +  OgAsPg  — . >  CsAsPg  +  Og,  Clg 

RbClF4  +  OgAsPg  - >>  Inconclusive 

CPCl, 


NOCIF4  +  OgAsPg 


‘■5 


>  NOAsFg,  CIF3,  NOP 


CIF4"  +  NFgO"''  - >  no  NP2OCIP4 


354 

301 

301 

301 


-80 


HNPg  +  RbClF^  >  CNPg,  L^F4,  HP,  etc. 


420a 


Jfore  recently,  Rocketdyne  scientists  (434a)  have  resolved  the  NMR  spectrum  of  gaseous 
CIF3O  into  two  peaks  at  -300  and  -262  ^  in  a  1:2  intensity  ratio,*  but  the  best 


*  A  recent  Rocketdyne  report  (426)  gives  the  gaseous  resonances  at  -317  and  -276  fS. 
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sEunples  of  liquid  ClI^O  still  ahowsd  the  collapsed  singlet  at  -27G  f),  (HP  catalysis 
of  the  fluorine  exchange  was  considered  the  cause.) 

Allied  Chemical  (81 )  has  since  prepared  a  purified  sample  of  GIP3O  and 
found  a  melting  point  of  -44®  and  a  boiling  point  of  30,1®,  of  -7.0G  kcal/mole, 
entropy  of  23.3  e.u.,  and  vapor  pressure  in  the  range  -23  to  +19®  described  by  the 
equation  log  Pj^  m  7.965-1543/t.  Roeketdyne  had  previously  (421)  derived  the  equa¬ 
tion:  log  ■  8.433-1680/t.  The  melting  point  was  found  at  Allied  to  be  quite 
sensitive  to  small  amounts  of  ClOgF,  accounting  for  the  much  higher  value  than  previ¬ 
ously  observed.  Moat  recently,  Roeketdyne  workers  have  reported  (429,276o)  that  the 
true  melting  point  is  -37.2  io.5®C,  and  the  density  is  1.863  g/cm3  at  20®,  compared  to 
the  more  dense  value  reported  (421)  previously  of  1.90  at  25. S“.  The  Allied  group 
also  reported  a  more  detailed  infrared  spectrum  as  follov/s:  1229-1225-1219  (PQR)  mj 
684,  675,  666  (sh.)  all  v.s.j  502-490-483  (PQR)  m;  and  311  and  281  v.w.  om“^.  The 
spectrum  indicated,  but  did  not  prove  that  the  structure  was  of  Cg  symmetry  (a  trig¬ 
onal  bipyramid  derivative)  with  two  apical  fluorines  and  one  fluorine  and  the  oxygen 
in  the  equatorial  plane.  The  mass  spectrum  of  CIF3O  is  (425)  as  follows: 

C1F0+  >  CIF2O+  >  Cl'^  >  F+  >  CIF"^  >  010+  >  0+. 

Roeketdyne  reports  that  CIP3O  is  stable  at  284®  (42l),  but  reacts  with 
stainless  steel  to  the  extent  that  pyrolysis  is  an  analytical  method: 

GIF3O+S.S.  ^  >  CI2  +  Og  +  MFg.  The  CIF3O  decomposes  above  300®  to  GIF  and  ClQgF 
(423). 


The  CIF3O  can  be  purified  by  pumping  off  ClOgF,  CIO3F,  GIF  and  some  of 
tne  CIF3  at  -95® ,  and  the  remainder  of  the  CIF^  can  be  removed  at  -80®  with  a  small 
loss  of  CIF3O  (423).  Others  have  reported  (80)  that  ClCgF  and  CIF3O  could  not  be  com¬ 
pletely  separated  at  -78®  and  -95®,  nor  by  formation  of  the  KF  or  CsF  complexes  at 
-78®,  followed  by  removal  of  volatiles  at  50®  and  redissooiation  of  the  complexes  at 
170®,  i.e.,  CIF3O,  ClOgF  and  CIO3F  were  recovered.  Alternatively,  CsF  can  (423)  be 
reacted  with  the  CIF3  -  CIF3O  mixture.  The  C8CIF4O  redissociates  at  150®  while  the 
CaClF4  remains  nonvolatile  (422).  The  chromatographic  purification  of  CIF3O  using  a 
halocarbon  column  has  also  been  described  (429). 

Synthesis  studies:  In  the  early  studies  at  Roeketdyne  (420)  the  reaction 
of  Fg  with  GlgO  at  125®  had  merely  given  CIF3  and  ClCgF.*  Thus,  the  nature  of  the  CsF 
complex  (a  colorless  solid  at  0®  which  dissociates  to  Cl^O  at  25®  (420a))  was  considered 
to  be  very  important  and  a  search  was  made  for  modifications  or  another  Cl-0  reactant 
which  would  give  greater  efficiency  or  safety  in  handling.  The  ClgO  (best  prepared 
(421)  by  the  reaction  of  Clg  with  HgO)  is  a  serious  explosion  hazard  for  scale-up 
studies.  In  mid-1965,  Roeketdyne  reported  (421)  that  CIP3O  could  also  be  made  by 
fluorination  of  the  CsF  complex  of  CIONC^.  However,  the  best  method  then  known  for 
making  ClONOg  Tf^s  the  reaction  of  ClgO  with  Ng04  (424). 


*  Efforts  to  fluorinate  ClgO  with  Fg  in  CCI4  solution  at  Allied  Chemical  (i960)  O) 
and  with  OFg  and  ultraviolet  light  at  Imperial  Chemical  (1961)  had  also  been  un¬ 
successful. 
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Ce3,iurj  fluoride  was  found  (A2l)  to  absorb  Cir30  at  25*  to  give  the  I:! 
salt  Cs’^ClF^O"  (4i22)»  altho’jgh  this  salt  rediaaociated  on  heating  (421)  to  150*'  (423), 
While  fluorlnatlor.  of  the  CsF  complex  of  Clg0|*  l.e,,  2  CsF’S  ClgO  (42S)» gives  mostly 
free  CIP3O,  fluorluation  of  the  CsF  complex  of  ClONCg  yields  CsClF^O  (346b). 

The  KF  complex  of  cigO  gave  (422)  up  to  44^  yields  of  CIF5O  and  the 
work-up  was  easier  since  the  KCIF^O  dissociated  appreciably  at  room  temperatwe. 

Some  OIF5O  was  also  formed  in  the  fluorinatlon  of  ClgO  plus  NaF  (423)  and  HgClg*ClgO 
(383),  the  latter  being  generated  to  situ  from  HgO  and  Clg  and  thus  eliminating  the 
need  for  handling  OlgO.  In  early  1966,  the  direct  reaction  of  ClgO  with  Fg  was  found 
(423,346b)  to  give  CIP3O  according  to  the  equations  ClgO  i-  2Fg  j,  CIF3O  CIF. 

Allied  Chemical  Independently  discovered  (80)  that  reaction  of  ClgO  and 
Fg  for  three  days  at  -78"  was  preferable to  the  use  of  the  CsF  complex.  'Sals  reac¬ 
tion  wac  first  discovered  at  Picatinny  Arsenal  in  1964  (346),  hut  the  product  was  not 
positively  identified.  On  the  other  hand,  workers  at  Pennsalt  Chemical  observed  (342) 
the  formation  of  ClFgO  in  the  reaction  of  ClgO  with  Fg  at  155®  or  with  OFg  at  130® . 

By  late  1966,Rocketdyna  had  prepared  1  lb.  of  CIP3O  by  the  batch  fluori- 
natlon  of  CI2O; 


ClgO  +  Fg  CiF^O,60?J  yield 

wraF 


Rocketdyne  also  found  that  the  direct  fluorination  of  ClONOg  at  -78®  gave  up  to  80^ 
yield  of  CIF5O  (423).  The  development  of  tji  alternate  route  (405,1178)  to  CIONC^  to¬ 
gether  with  its  more  favorable  handling  properties  may  moke  this  the  method  of  choice. 
This  route  (429)  consists  of  the  reactions: 

P 

CIF  +  HWO3  or  Pb(N03)2  - >  UlONOg  CIP3O 

2-3  days 


*  The  OsF-ClONOg  complex  completely  dissociates  at  -78®  upon  prolonged  vacuum  pump¬ 
ing  as  also  does  the  RbF-ClgO  complex,  but  the  CsPM.SClgO  does  not  (426),  ClgO 
also  forms  a  complex  with  BF^  which  is  unstable  at  room  temperature  (123).  The 
complex  formed  between  ClgO  and  AsFg-  reported  in  the  literature  to  be  ClgOAsFs 
at  -80*  and  CI0ASF5  above  -50®,  has  been  shcrn  (425,424)  to  be  ClC^'^AsFg".  The 
Infrared  spectrum  showed  ClOg'*'  at  1283  db.  and  1040  w,  and  the  AsFg"  at  690 
cm"^. 

^  At  0‘ ,  however,  only  ClOgF  and  CIO3F  were  obtained. 
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Rocketdyne  workers  have  reported  (346b)  the  possible  detection  of  ClFO 
aa  an  unstable  by-product  while  working  up  mixtures  containing  C1P«0.  Ihe  low  tem¬ 
perature  infrared  spectrum  (-196*)  showed  bands  at  1260,  1225  and  645-650-610  cm“l 
and  a  possible  band  at  490  cra"^  deduced  from  an  overtone  at  930  cm"^.  Ihe  new  species 
was  partially  trapped  at  -142®  or  -160* .  QJie  same  compound  was  apparently  observed  by 
Lawless  (276a)  as  a  very  volatile  (partially  trapped  at  -136®)  glass-reactive  product 
from  the  reaction  of  OgPg  with  KaClOg  at  -160® .  A  tentative  IR  band  at  1258  cm-1  was 
reported  for  the  gas,  but  the  possibility  of  C-P  Impurities  from  Kel-P  grease  was  not 
eliminated. 

Reactions ;  In  addition  to  its  reaction  as  a  strong  oxidizer  and  its 
reaction  as  a  Lewis  acid  with  fluoride  ion  to  give  the  C1F40"  ion,  CIP3O  also  acts 
as  a  fluoride  donor  toward  strong  Lewis  acids  to  fpm  ClFgO+  ions.  The  acid  base  be¬ 
havior,  then  is  analogous  to  that  of  the  isoelectrhnic  inolecul.e  SP^  which 
forms  SF5-  and  SF3'*'  ions.  The  OIJ^O  -  AaPg  reaction  product  is  nonvolatile  at  50® 

(381)  and  can  be  assumed  to  have  the  ionic  Structure  ClFgOtAsFg”.  The  CIP3O  -  BP* 
product,  which  forms  more  rapidly  (20  min. )  at  -80®  than  the  analogous  Cip!  or  ClOpP 
products,*  was  reported  to  sublime  slow,ly  at  100®  under  vacuum  (381)  and  to  have  a 
dissociation  pressure  of  20  mm.  at  room  temperature  (424-),  The  CIF5O  -  RP5  complex 
has  a  slightly  higher  dissociation  pressure  than  the  BFj  complex.  A  sample  of 
ClPgO'FFc  was  sublimed  onto  the  window  of  a  low  ten^erature  infrared  cell  (424). 

Bands  attributed  to  FFg"  were  observed  and  two  other  strong  bands  at  1315  cm"-  and 
1465  cm-l  were  suggestive  of  C10g+  (from  ClOgP  impurities)  and  a  CIP2O+  ion  respec¬ 
tively,  but  assignments  could  not  be  made  with  certainty.  (At  this  low  temperature 
the  ClaO  bands  of  solid  ClOjjF  and  CIF3O  were  observed  at  1280  cm"l  and  1250  cm"l, 
respectively.)  Silicon  tetrafluorlde  formed  a  complex  RClPjO^SiP^  of  high  (340  mm. 
at  25®)  dissociation  pressure,  but  the  infrared  spectrum  of  a  sublimed  sample  showed 
only  the  stai'ting  materials.  Prom  the  vapor  pres, sure  equation,  log  P  =  7,75  - 
1545/T,  (-80  to  +14® C)  a  heat  of  reaction  of  -2  kcal/mole  was  calcirlated. 

Complexes  are  also  formed  between  CIP3O  and  NOgF  (421)  and  NOP  (424). 

Prom  tlie  dissociation  pressure  of  the  KOF-ClFjO,  log  P^j^j  8.47  -  1625/T  (-80®  bo 
0°C)  (i.e.,  about  1  atm,  at  25®),  a  heat  of  reaction  of  -5  kcal/mole  was  calculated. 

A  study  of  this  complex  from  -77®  to  26®  showed  only  a  broad  line  40  ppm 

downfleld  from  C1F_0,  i.e.,  about  -516  jZi.  An  infrared  study  showed  only  the  starting 
materials  at  25®,  fe  at_^-196®  the  complex  showed  a  broad  band  in  the  Cl-F  region,  a 
01=0  stretch  at  1230  cm”-^  and  a  N=0  stretch  at  2050  cm”^.  At  this  low  temperature 
CIF3O  has  Cl-F  £ind  C1=0  stretches  at  685  and  1250  cm-l,  respectivf^ly  and  NOP  has  an 
N*0  stretch  at  1990  cm-1  (compared  to  1850  cm-1  at  25®).  No  N-F  stretch  was  ob¬ 
served  in  either  the  complex  or  in  NOF  at  -196® ,  (normally  765  cm-1  at  25® ) .  The 
structure  cf  the  N0F-C1F30  complex  is  thus  uncertain.  The  NMR  data  indicate  flriorine 
exchange  between  N  and  Cl,  buu  very  little  contribution  from  CIF4O"  (424).  in  fact, 
a  tendency  toward  the  formation  of  C1F20*RP20-  is  indicated,  but  the  transfer  may  be 


*  Thus  CIP3O  is  a  stronger  fluoride  donor  than  CIF3  or  CIC^F.  This  method  can  be 
used  as  a  basis  of  purification,  the  CIF3O  regenerated  by  displacement  with 
NaF. 
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inaompletft.  Bia  TR  data  probably  indicate  the  presence  of  bridged  fluorine  P^CIO- 
P---KF’0  and  ON-P — CIP3C  as  well  as  the  presence  of  fluorine  bridging  in  solid  NOP 
alone. 

A  nuiiiber  of  other  studies  of  the  reactions  of  Cl-FjO  are  sijmnnarized  in 

Table  XX. 

TABLE  XX 


REACTIONS  OF  CIP3O 


Reactants 

Conditions 

Results 

Reference 

CIP3 

no  adduct 

81 

NP3O 

no  adduct 

81 

N2F4 

-78®  or  25® 

NO2F  +  NOF 

81 

NCsP 

C102P,  NOCIO4  or  NO2CIO4 

81 

NOg 

as  with  NC^F 

81 

NaClOg 

-196  to  -20® 

CIO2,  NaP;  one  explosion 

81 

Cr2*GI^ 

explosion 

81 

N2F4 

-80  to  +60® 

no  rxn. 

421 

KrF2 

no  CIF5O 

424 

CI2O 

25®,  3  days 

C102F,  some  CIP 

422 

SO2 

-80  to  +45® 

CIO2F,  SF2O,  some  SFg02  , 
possibly  some  SP^(S03F)g 

422 

BrF3,  BrP5 

e 

CM 

no  rxn.,  misc. 

422,426 

Brg 

-30®  to  25® 

some  CIO2P,  CI2;  no  BrFs 

422 

N2F4 

25® 

no  rxn. 

425 

N2F4 

100° 

V.  slow  rxn. 

425 

NF3 

130®,  65  hr. 

some  NF3O,  NC^F,  NOF,  CIP 

425 

Clg 

71-200° 

ClOgP,  CIF3  at  low  temp.;  C^, 

425 

CIP  at  higher  temp. 
-196  to  23°  no  rxn. 
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Alternate  synthesis  approaches;  A  host  of  other  synthesis  roxites  to  CIF3O 
(and/or  ClJ^Og  or  CIF5O)  have  been  attempted  since  the  previous  review  (Sa4a)  and  a 
mmiber  of  these  have  led  to  CIP3O.  However,  the  successful  methods  have  generally 
given  lov  yields  or  are  not  suited  to  scale-up.  A  nvmber  of  the  successful  methods 
are  summarized  in  Table  )OCI. 


TABLE  XXI 

ALTEEMATE  ROUTES  TO  CIF3O 


ClriO  +  elec,  disch,  ^ 

some  GIP3,  CiF30,  CIO2F 

References 

346b, 424 

I'IaC102  +  Fg  ..-igS"  or  -78°^  ClOgP, 
exothermic 

NaF,  Gig,  Og,  traces  CIF3O,  ClFO  (?) 

424 

CIF3  +  OFg  '  •  >  CIO2F,  C102'*:bF4",  SiF4,  plus  some  CIO3F,  ClOg  and 

apparently  CIF3O  and  ClFgO‘*:BF4“ . 

27ea 

GIF  +  OFo  - >  CIF3, 

18  hr.,  5500  psi 

+  2i>  GIF3O  (CsF  had  no  effect) 

80 

Clp  +  OFp  - >  CIF3, 

10  hr.,  5500  psi 

GIF,  GlOgP,  traces  GIP3O 

80 

CIO2F  +  CIF5  GIF3O 

426a 

GIO3F  +  CIF5  GIF3O 

426a 

GlOgF  +  CIF,  GIF3,  OFg  CIF3O 

346a 

GlOgF  +  BrFg  some  GIF3O 

346a 

CIO2F  8656  CIF3O 

346a 

GIO3F— GIF3O 

346a 

GlOgF  +  Fg  GIF3O  +  ClFg 

346a 

GI2O  +  F2  .  GIF3O 

342 

GlgO  +  Fg  .^y^>  GIF3O 

342 
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A  number  of  efforts  to  produce  new  Cl-P-0  confounds  which  gave  negative  or 
Inconclusive  results  are  summarized  in  Table  XXIl.  Evidence  has  been  obtained  for  an 
luistable  ClFO  (346b),  but  CiPgO  has  not  been  prepared. 


TABLE  XXII 

OTHER  EFFORTS  TO  PRODUCE  NEW  Cl-F-0  CCMPOIMDS 


Reactants  Conditions 

Result 

Reference 

ClFg  +  metal  or 
metalloid  oxides, 
oxygen,  or  ozone 

usually  GIC^F  or  CIO3F 

see 

Table  XVI 

CIP5  +  HgO  or  hydrates 

usually  GlOgP  or  CIO3P 

see 

Table  XVI 

GIF3  f  various  agents 

see 

Table  XVI 

CsF-ClOgF  complex  +  25“ ,  2900  psi 

P2 

some  CIF5,  GIO3F,  ClOgF 

75 

NaClOg  +  BrFg  -50“ ,  then  ASF5 

at  -20“ 

some  Gig  +  solid 

75 

solid  from  NaClOg  CsF,  -20“ 

above 

ClOgF  (25^),  no  FCIO 

75 

LiC104  +  GIF5  -78“ 

ClgOy  (4^)  (•  trace  tuik. 
w/lR  similar  to  ClgOy 

76 

77 

and  CIO3OF,  mass  spec, 
similar  to  ClO^F,  and 

IQ  ^  u 

resonance  at  -369  jo 
(unk.  +  HgO  gave  CIO3F 
and  F") 

ClOgF  +  25“  ClCfePtFe,  CIF5,  C6PtF0?  79 
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IA3UI  mi  (Contlnuia) 


Raaot&nts 

Conditions 

Result 

Referenoe 

ClgO  +  PtPg 

• 

to 

01 

ClQgPtF0,  Clg,  pg 

79 

CaF'ClgO  + 
PtIlB 

25* 

solids,  Clg,  Oq 

79 

ClgO  +  CIP3 
+  PtPg 

0 

iO 

OS 

CIF5,  Cl^,  Og 

.  .  79 

KDIO3  + 
aq.  KF 

ev&p. 

no  rxn.  to  RClFgOg 

79 

ClOSCfeF  +  F2 

-78®,  5  days 

some  OPgOe  and  ClOg 

79 

CSSO3P  +  CIP 

3  25*  or  170* 

SPgOfe,  ClCfeF,  CsClFg.4 

79 

KSO5F  +  CIP3 

25* 

no  rxn. 

79 

KSO3F  +  CIF3 

140-170“ 

SFgCfe,  Cfe,  KDlPg.4 

79 

CIP3P  +  FtFg 

25* 

Kb  rxn. 

79 

ClOgF  +  TrFg 

25* 

No  rxn. 

79' 

ClgO  +  IrFg 

25* 

ClOgIrFe? 

79 

Mg  (0104)3  + 

NF3,  -196* 

No  rxn.  (no  CIO3OP) 

69 

LiClO  +  Pg 

Low  temp. 

ClQgP,  CIO3P,  possibly 
Cll^.gO 

346 

0«  +  ClFx 

-150* 

ClCgP,  CIO3P,  ClOg 

346 

CIF5  +  OFg 

100* -400*,  static  and 
flow  systems 

Cl-P-O  mixtures 

346 

CIP3  +  OPg 

elec,  disch.,  -15,  -78 
and  -196* 

Gl-P-o  mixtures 

346 

ClPg  +  pg 

elec,  disch.  (static  and 
flow ) 

Apparently  small  amounts 

GlTgO 

346 

OFg 

elec,  disch.,  -196* 

Apparently  small  amounts 

CIP3O 

346 
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!I:ASLB  mi  (Oontl^uod) 


Reactants 

Conditions 

Result 

Reference 

CsF  +  OloO  + 

Clg  4-  unldent.  solid 

123 

I%F4 

ClONOg  +  ClFj 

-78* 

mostly  Clg,  some  ClOgF 

123 

ClONCfe  +  NP5O 

-78* 

No  rxn. 

123 

Olfe  +  CIF 

-160  to  -198* 

No  rxn.  indicated  by  v.p. 
and  elec.  cond.  measurements 

333 

C8CIP4  4  OFg 

175-300*.,  880  atm. 

Og,  FgClCgF,  CIO5F,  some  CIF5 

334,336 

or^  +  C15^ 

ClI^ 

536 

OFg  4-  ClJVj 

280*,  1350  psig 

Og »  Fg ,  CIF5 

339 

Olg  +  CsCl 

200* 

CsF,  Cg,  Clg,  some  CIP,  CIC^F 

339 

OFg  i-  ClOgF 

250*,  825  pslg 

some  dee.  of  OFg  formation 
of  ClCtjF 

359 

OFg  4-  ClOjI' 

200*,  1110  paig, 

20  hr. 

No  rxn. 

339 

OFg  4*  ClOg 

110* 

ClFg,  CIO5F,  ClOgP 

340 

NF3  4-  CIO2 

110* 

No  rxn. 

340 

CF3OCI  4-  Pg 

0 

CD 

CP3OF  (no  ClPO) 

356 

OgAsFg  4  GSCIF4 

0* 

C8AsF0 

354 

Clg-OgAsFs 

-78®,  5  days 

ClOg,  Cl2t  Og,  unldent.  solid 

556 

complex  4-  Fg 

Clg”O2AsF0 

higher  press,  than  above 

Oof  Clo,  C10*F,  ClOrt 

357 

complex  4-  Fg 

CI2  4-  BFg  4-  Og 

elec,  disch. ,  -80° 

ClOg,  ClCgF,  CIO3F,  CIP^, 

CIF5  4-  koF  compounds 

420a 

ClOgP  +  ClOg 

elec,  disch.,  -196® 

CIO5F,  (CIC^  unaffected) 

420a 

+  F. 


NOP,  CIO5F,  some  N2F4,  NCfeP,  Clg  420a 
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!il\BLl!l  XXll  (ContinMd) 


Rer.ctanta 

Conditions 

Re8\U.t 

Referencs 

NOF 

25* 

WOgP,  CIC^F,  (OlCg  w/excess 
03.7'^)  +  unk.  w/lR  aba.  at 

5,8  db.,  7.2  br.,  8.4, 

9.7  IQR 

420a 

ClgO  +  CIF5 

-50*,  NiF 

CiCgF  +  GIF 

423 

ClgO  +  AgFg 

flijw  system  -VS* 
to  100* 

OlCgF,  Gig 

424 

C8CIF4O  +  Fg 

50-160*,  750-1200 
poi,  16  hr. 

ClPjO  recovered 

424 

CIF3O  +  Fg 

70  to  284* 

no  ClFsO 

421 

CirjO  +  NgF^ 

-30^  to  +60* 

no  rxn.  to  ClFO 

421 

CIF3O  +  KrFe 

no  CIF5O 

421 

Ga( 001)2  +  ^2 

-80* 

ClOgP,  CIO3F 

423 

ClgC  f  CFg(OF)g 

-30* ,  15  days 

dec.  of  GlgO 

425 

ClOg  +  Fg 

explosive  rxn.  to  GIF3, 

ClOgF,  (+0g  with  excess 

Fg  or  Gig  with  excess  CIO2) 

425 

CsF  +  ClOg 

-23*  or  -45* 

no  obvious  con^lex 

425 

KCIO4  +  Fg 

ClOgF  +  CIO3P 

424 

MCIF4  +  %0 

MHFg,  GlCg,  Gig,  ClFO, 

KClF4»HgO 

425,426 

Cl?30  +  K£0 

-IG  to  +25“ 

HF,  GlQg,  trace  ClFO 

425 

CIF3  +  Og 

elec,  disch,,  -106® 

ClOg 

532a 

CIF  +  Og 

r.f.  disch,,  4*K 

Gig,  Og,  Fg 

532r 

ClFg  +  At  ■*-  O3 

hv  (filtered),  4®K 

iniident.  cpd;  possibly  CIF5O, 

532a 

vrhich  dec,  on  warming  to 
CIF3,  at  1220, 

1210,  664,  657,  646  cm"-^) 
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TABLE  XXII  (Conoludsd) 


Heactanta 

Conditions 

Result 

Refsrsnoa 

CIP5  +  Ar 

+  0$ 

4*K 

unldsnt.  opd.  (possibly  0gClF)g 
of  (284a)).  IR  bands  at 

1026,  751,  675,  668  cm"^ 

555b 

C1I)5  +  Ar 

+  pg 

4*K 

as  with  O5  above 

535b 

ClFg  +  Ar 

H-  Og 

hv,  4°K 

ClCfeP,  ClPO 

555b 

ClNFg  +  Og 
or  ClOg 

»  O5 

hv 

no  evidence  of  desired  product 

S35b 

ClgO-CsF  + 

CIF5 

no  ClI^O 

123 

ClOgAsFs  + 

512 

25® 

no  I'xn. 

424 

VII-E.  Miscellaneous  Halot;en  Compounds 

Neu  halogen  fluorldea;  Attempts  to  generate  PgCl-ClFg  by  u.v.  Irradiation 
of  Clg  and  Pg  in  argon  at  4®K  led  only  to  CIJ^  and  CIF  upon  warming  (535b),  The 
pres sure -temperattire  relation  of  the  ClFg-Pg  (1:9)  system  was  studied  up  to  440*  and 

43.800  psi  and  was  essentially  linear  (119). 

Purification  of  BrFg  can  be  accomplished  by  storing  it  over  KP  at  25*  (386) 
or  NaF  at  100*  followed  by  distillation  (78).  Bie  complex  formed  with  CsF,  i.e., 
CsBrFg  decomposed  only  at  320®  with  extensive  decomposition  of  the  BrPg. 

Wo  evidence  was  observed  for  the  conversion  of  solid  BrFs  (-196*)  to  BrF7 
upon  exposure  to  excited  Pg  from  an  electric  discharge  (420,420a).  Again  BrPy  was 
not  produced  when  a  BrFg-Fg  mixture  was  radiated  with  u.v.  light  at  -40®  to  -60® 
(346a),  Similar  negative  restuLts  had  been  obtained  in  efforts  to  react  Fg  with  BrFg 
or  CsBrFg  with  heat  eind  pressure.  In  another  study  (77)  no  BrPy  was  observed  after 
fluorinatlon  of  BrFs  over  CsF  at  250®  and  1700  psi  for  16  hr.  Extensive  efforts  to 
prepare  BrF7  by  fluorinatlon  of  BrFg  at  very  high  pressures  and  temperatures  (up  to 

48.800  psi  at  508°C)  or  under  radiation  at  25®,  or  of  CsBrFg  (at  400°,  and  6630  psi) 
gave  inconclusive  results  (118-120). 

An  effort  to  react  BrFg  with  ClOgOP  to  give  BrPe'''C104"  resulted  only  in 
partial  degradation  of  ClOgOF  to  ClOgF  (42l).  The  complex  BrF3*BPg  has  been  shown 
(138)  to  be  in  the  ionic  form  BrFgtBF^"  by  its  high  electrical  conductivity  in  BrFg 
and  the  presence  of  the  BP4“  band  (1020  -  1000  cm"’^)  in  the  infrared  spectrum.  It 
melts  at  180°  with  decomposition.  The  complex  NC^F*BrFg  has  also  been  characterized 
as  an  ionic  material  WOgBrF^  (426).  It  melts  at  27®,  has  a  dissociation  pressure  of 
1  atm.  at  45°  and  a  AH  dissociation  of  11.7  kcal/mole.  The  infrared  spectrum  of 
NC^BrF4  shows  the  WOg'*’  band  at  2385  cm”^  and  the  BrF4"  band  at  665  cm“^  (346a). 
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Ihe  vapor  praasura  of  IF^  ia  daaorlTiad.  (4S6a)  by  tha  aquation:  log  <• 
7.69S9-1556.6/T.  ^a  mas  apaatrum  of  ZF7  ahowa  tha  paak  aa  tha  most  Intanaa 
and  no  parant  paaik  la  obaarvad  (S46a). 

Halogan  fluorlda  oxldaat  Studiaa  of  ohloryl  fluorlda  and  parohloryl 
fluorlda  hava  not  laad  to  navr  oompounda  of  Intaraat  axoapt,  as  notad  pravloualy,  they 
have  baan  photoohamloally  oonvartad  to  OIF5O.  lha  IIMR  of  ClOgF  has  been  more 
firmly  establlshad  by  Independent  obaarvatlons  of  the  resonance  at  -599  (76)  and 

-321  0  (420a).  The  results  of  a  number  of  studies  of  ClQgF  reactions  are  summarized 
in  Table  XXIII  and  of  'a  few  studies  of  CIO5F  In  Table  XXIV. 

No  reaction  was  observed  whan  either  BrF5  or  IF5  was  held  at  25”  and  100 
atm.  with  an  Og  -  Fg  mixture  for  8  weeks  (583).  Hie  reaction  of  BrFj  with  O5  In  the 
range  -196  to  -95*  gave  an  unidentified  compound  which  decomposed  at  -35*  (880). 
Fluorlnatlon  of  the  complex  CsF*Br20  has  not  yielded  BrF30  or  BrF50  (421),  nor  did 
fluorination  of  BrONOg  Which  appeared  to  give  a  complex  of  the  type  NCgF.BrPj^O  (425). 
An  attempt  to  prepare  BrOgNFg  by  reaction  of  BrNFg  with  03  In  CFCI3  at  -78"  was  ap¬ 
parently  unsuccessful  (123). 

Studies  on  the  compound  reported  In  the  literature  as  being  IF3O  have 
shown  it  to  be  In  tha  ionic  fom  I0g'*'IF6“  (420a).  The  l^F  NMR  of  the  IPe"  ion  was 
established  at  -18  ^  (420a). 

The  vapor  pressure  and  mass  spectrum  of  IF5O  has  been  determined  (346a). 

A  parent  11^0+  peak  is  observed  at  an  intensity  of  32  compared  to  IF4+  at  100.  The 
IF5O  did  not  enter  into  acid-base  reactions  with  either  CsF  or  AsFg.  Efforts  to 
convert  IPgO  to  IF3O  or  IF3C^  by  pyrolysis  or  reaction  with  SlOg  were  unsuccessful. 
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lABLE 

RFACTIONB  OF  OlCfeF 


Reactant 

Conditions 

CsF 

-22*,  5  hr. 

CsF-ClOaF 

80-100* 

''complex" 

CsF 

-22*,  19  hr.;  25*, 
72  hr. 

CsF 

HP 

Csl,  ClI^ 

CsF 

25®,  4  hr.,  shaking 
and  16  hr.,  static 

NOgF 

-20* 

PtFs 

25* 

IrFg 

25* 

NOF 

-78“ 

OFg 

250* ,  825  psig 

t-NgFg 

-78*  to  25* 

HNFg 

as  C1C^BF4,  -80* 

GIF 

liq. 

Result 

Referenou 

ClOgP  absorbed,  unident, 
component  in  product  by 

X-ray 

75 

CipeP  evolved 

75 

82^  ClOgF  absorbed,  couldn't 
obtain  IR  of  solid  or 

NMR  in  ClOgP  (liq.) 

76 

no  NMR  evidence  of  rxn. ; 
don't  see  ClC^P,  but  see 

HF  exchanging 

77 

»t  n  tt  It 

77 

Cs/p/Cl  ratio  of  1;5.4:2.3  in 
solid 

77 

no  NMR  evidence  of  interaction 
(see  ClCbF  at  -529  and  NCgF 
at  -390  p) 

78 

CIP5,  ciog-*-ptPe-,  C105P,  ogPtB'e? 

79 

ClOglrFs? 

80 

"wet"  solid  with  v.p.  of  15  mm. 
at  -78" ;  solid  gave  two  liq. 
phases  at  -20  to  -15* 

337 

some  dec.  of  OPg  and  forma¬ 
tion  of  ClOgP 

339 

no  rxn. 

340 

Deflagration;  unident.  prod. 

420a 

w/lR  abs.  at  7.6  &  7.7  n 
equilibrium  amt.  ClFO? 
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R«»ota.nt 

^2 


vucinoiua«a; 


Gondltlona 
oleo.  dlsoh. 
u.v. ,  70*  oi'  84* 


R««w4.t 

CU^,  CIJ^,  Oip,  olOsP, 
GIP3,  OIP5  (traca  OIJ^O?) 


Raf^rcnce 

4QS 

485 


2ABLE  XXIV 

STHDraa  op  cio^p 


Reactant 

Sbi^ 

Conditions 

-5l» 

Reoult 

no  roaotion  noted  by  elec.  cond. 

Reference 

357 

SbPs 

1  hr.  each  at;  SS" , 
7000 5  1C0‘,  8900; 
200%  11,300  psl 

no  reacliion  detected  by  NMR 

75 

ClI^ 

w/wO«CdP 

no  reaction  noted  by  elec.  cond. 

337 

Cap 

25®,  5  hr.  or  200* 

5200  psi,  6  hr. 

no  reaction 

77 

Pa  +'  Gap 

200®,  5900  psi,  18  hr. 

some  II2  absorbed  which  did  not 
revolat;ilize  at  500® .  Solid 
containeu  Ca;Cl;P  ratio  of 

2. 2:1:3 

77 

P2  w«/w«0‘  CsP 

200'',  6400  psi,  15  hr. 

inconsistent  results,  apparently 
rxn.  w/equipnent 

78 

Pt'FS 

25® 

no  reaction 

60 

NS'z 

475®,  18  hr. 

no  reaction 

339 

^■MgPg 

-78®  to  25° 

no  reaction 

340 
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OHAPTER  Vlll 

CCCTOEN  FLUORIDES.  O-F  DERIVATIVES  AKIP  MSSCELIANEOUa  FLUORmTIOWS 

Vin:x-A.  Ootygen  Eluorldeg  and  PerlvatlveB 

The  structures  of  the  oxygen  fluorides  have  been  studied  oxtenslveliy  during 
the  last  few  years  and  references  to  many  recent  puhllcatlons  are  In  the  blhllogra]^. 
The  existence  of  the  radical  In  liquid  OFfe  after  exposure  to  light,  and  In  all 
of  the  higher  oxygen  fluorides  has  been  veil  demonstrated.  It  ls.<,  of  course,  Iso- 
electronic  with  the  known  Oj”  ion  which  forms  stable  salts.  The  existence  of  C^Fg 
as  a  separate  entity  has  become  veiy  doubtful  except  possibly  as  a  very  unstable 
material. 

The  reaction  chemistry  of  OPg,  C^Fg,  the  C-OP  compounds  and  the  Pg+  salts 
have  been  studied  at  length.  Tlae  results  of  most  of  these  studies  are  summarized  in 
Table  m. 

TABIE  XXV 

STUDIED  OF  OXTOSN  FLUORIDES  AITO  DERrVATIVES 


Reactants 

Conditions 

Result 

Reference 

liq.  Os-Oa-OFg 

4.55^  OFg 

miscible  and  stabilized 

72,73 

liq.  O3  +  OFg 

v.p.  measurements 

nouideal  soln. 

262 

OFg'  +  COg  +  CsF 

-80“  to  100“ 

no  rxn. 

75 

180“ 

CP3OF 

75 

OFg  +  (CF3)2C0 

-50“ 

slow  rxn.  to  CF4,  CF5CFO 

75 

OFg  +  CFgO  +  MF 

25“  w/CsF,  RbF  or  KF 

(CF30)g0 

76 

OFg  +  SF4  +  CsF 

25“ 

SFg,  SFgOg,  some  unident.  cpd. 

76 

OFg  +  CF3CN  + 

140“  only 

CgFg,  CF3CFO,  COr 

76 

CsF 


OFg  +  CsSOgP  no  rxn.  27 

no  rxn. 
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108' 
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TABIE  'XXV  (Continued) 


Reactants 

Conditions 

Reault 

OP2  SPgO  + 

CsF 

.140“ 

nc  rrn.  (triees  SFgOjj 
fomed  at  ’^5* ) 

77 

OFg  +  SF^O  + 

Ca? 

-79“  to  100“ 

n?,  rxn.  exoei't  to  form 
CsSFgO 

77 

OFg  +  fiF4  +  CsF 

85“ 

SFg,  SPgOg,  SgFj^Qv 
(SFs)gC^ 

77 

OFg  +  C3SF5 

no  rxn. 

7,7 

SF5OF  +  CIgO 

85“ ,  CsF 

,  CFjOP,  CsSFsO,  CsCI^O 

V  77  ^ 

CF3OF  +  SF4O 

100“ ,  CsF 

no  rxn. 

77 

CFg(OP)g  +  SP4O 

,CaF 

SFgOa,  UP5OF,,  (CP50)g 

78 

OFg  +  SF4O 

2S“,  KT 

no  rxn.. 

78 

OFg  +  SF4O 

175“,  NaF 

SF^Oq,  O2 

78 

CFg(0F)2  +  SCg 

CsF 

SFgQg,  CF3OF  (CS-sOg 

78 

CF2(0F)2  H'  CF4.O 

85*,  CsF 

(CP30)g0,  CFspP,  Og 

78 

CF2(0F)2  +  CF  O 
•  CF3CFO 

8S“,  CsF^ 

C-C  cleavage 

78 

OFg  +  CF3CFO 

115“ ,  NaF 

no  rxn. 

73 

OFg  +  CF3CFO 

175“,  NaF 

CFgC,  Og 

78 

CF3OF  +  CO 

100“,  IG  hr. 

CS^OCFO 

78 

SF5OF  +  00 

95" 

SF4O,  CFgO,  SF0,  CPg 

78 

SP5OF  +  CO 

hv,  0  to  -35“ 

SF^O,  CFgO,  SFg,  COg 

78 

CF2(0F)2  +  CO 

CsF 

CF4,  CF^O,  cog 

78 

C2F5OF  +  CO 

100“ 

CF4  +  UFgO 

78 

OF2  +  CF3CFO 

25",  CsF 

C2F5OOF  (5^) 

79 

OF2  +  Fg  +  CO2 

CSF 

CFg(0F)2 
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TABLE  m  (Continued) 


Re&ctants 

Conditions 

Result 

Reference 

0?g  +  SP4 

CsF,  GCI4 

SPg,  SFgQg 

79 

OFg  +  SOg 

CsF,  CCI4 

SFgC^,  unk.  abs.  14  m, 

79 

OPg  +  CIP3  I-  KP 

25®,  43  hr. 

KCIP4 

79 

opg  +  Mp.miPg 

CFCI3 

explosions  on  vanning 

79 

0?2  +  CaNj 

"1.96  to  -40®,  20  hr. 

dark  blue  solid  (reactants 
explode  if  warmed  too 
rapidly) 

79 

OPg  +  CIF  (v/wo 
CsF) 

150®,  5500  pai, 

18  hr. 

CIF3  and  2^  CIF5O 

80 

OFg  +  Clp  (v/Vo 
CsF) 

150®,  5500  psi, 

18  hr. 

CIF5,  CIP,  ClOsFj  trace 

CIP3O 

80 

OFg  +  ClgO 

150®,  5500  pai. 

.18  hr. 

CIT^,  ClOgF 

80 

OFg  r  CIF3 

150®,  5500  psi. 

18  hr. 

some  ClOgF 

80 

GF5OF  4-  KFgCFO 

CF3OIIF5  (ZBi) 

259 

OgFg  +  (lira0C0)20 

-iir 

CF4,  CFgO,  CCg 

264 

Fg/OsP  +  " 

-183®,  1  wk. 

sl.  rxn.  as  above 

264 

OgFg  +  CgFe 

-183® 

vigorous  rxn. 5  explosive 
solid 

264 

O3F2  +  NaOH 

-183,  24  hr. 

V.  little  rxn. 

264 

OjFg  +  NaM’C^ 

-183,  24  hr. 

V.  little  rxn. 

264 

OjFg  +  NaNCg 

-183,  24  hr. 

V.  little  rxn. 

264 

O3P2+  Ca  or  Mfe 

no  rxn. 

264 

O3F2+  Li,  Na  or  K 

react  smoothly 

264 

OgFg  +  SOg 

SFgOg,  Cg;  side  rxn.  to 

FSCgOF  and  PSQgOOF 

266 

OgFg  +  SFgO 

-160 

SF4O 

266 
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TABLE  YXV  (Continued) 


Reactants 

Conditions 

Result 

Reference 

OgAsPg  +  CSCIF4 

0” 

Og ,  Clg,  CsAsF0 

354 

O^AsPq  +  NC^C104 

IF5? 

WOgAaFg,  CIO3F,  ClgCfe 
(dec.  to  ClOg,  Pg , 
at  25* ) 

555 

O2ASF0  +  CsCl(J4 

IF5 

OlgOs,  etc. 

335 

OgAsPs  +  CSCIP4 

-78'’  (solids,) 

3*1  ratio  Clg:C^ 

355 

OgAsPg  ;!•  CsBrF4 

-78“ 

Fg .  Og ,  f  ^iF4 

355 

OgAsFg  +  Clg 

1 

CD 

0 

purple  1;1  complex 

356 

OgAsF0  •  Clg  *f  Pg 

-78“ 

CIO3F,  CIC^,  Clg,  Og 

355 

OgAsPg -Clg  +  NOCl 

Cg,  trace  NC^OF,  NClAaF0? 

355 

GFg(OF)g  +  I^P4 

no  -OKFg  cpds. 

405 

CF2(0F)2  +  KF-HlJPg 

CPg ( ONFg )g 

405 

CFgCOP)  + 
CsCF(CF3)20 

extens.  rearrang.  to  CF4, 
(CF3)2CF00CF3  and  ex¬ 
plosive  oxides 

456 

OF2  +  GsCF(CF3)gi 

0 

PS  wish  CFg(0F)2  above 

436 

OF2  +  BP3 

hy,  -196“ 

pgBP4 

472 

OgPtPe  +  Fg 

62“ ,  1  atm.,  Teflon 

some  C-P  cpds.  (no  OP4) 

532d 

NgO  +  OFg 
+  CsP 

S50“,  2700  psi,  4  hr. 

no  rxn. ,  but  exploded  on 
cooling  to  315“  to  NF3, 
FT^O,  HNO3,  unident, 
products 

532d 

OF2  + 

-30“ 

I®IR  suggests  OFg'SbFg 

532d 

OFg  +  N2F4 

elec,  disch.,  -78“ 

IJT^,  WOg,  SiF4 

532a 

OFg  +  c^s  “-rigPg 

elec,  dlsch.,  -78“ 

Mg,  Fg,  Qg 

532a 

OFg  +  NgFAsFs 

25-112“  or  HP,  25“ 

no  rxn. 

532a 
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TABLE  XXV  (Continued) 


Reactants  - 

Conditions 

Result 

Reference 

OgEg  +  SP4O 

-140“ 

no  rxn. 

266 

O2F2  +  SFgPg 

-160“ 

no  rxn. 

266 

OgFg  +  Nt^ 

-130“ 

NCfeF 

266 

OF^  +  HCF3 

spark 

CI^OF 

284 

OF2  +  CH4,  +  1% 

some  NOgOF 

284 

O3F2  SbF5 

deep  purple  explosive 
solid 

301 

OFg  +  BFjj  FF5> 
ASF5  or  SbFs 

liq.  or  gases 

v.p.  studies  show  no 
interaction 

333 

OFp  +  BF3J  AsFs 
or  GIF 

-160  to  -196“ 

elec.  cond.  shows  no  rxn. 

333,335 

OFg  +  AsFs 

200°,  130  atm.,  1  wk. 

OgAsFg  (97^^) 

335 

OFg  +  AsFs 

2S“,  6  wk. 

only  3^  PgAsFg 

335 

OFg  +  SbFg 

130“,  200  atm.,  3  wk. 

OfeSbF^  (98^) 

335 

OFg  +  BFsj 

FFg  or  SiF4 

no  rxn. 

335 

OFg  +  CIF3 

200“ 

CIF5 

336 

OFg  +  SbFg  or 
AsFs 

IFg,  25" 

H^.  SbFg  (or  IFs-AsFg) 

335 

OFg  +  SbFg 

200“,  760  psig,  16  hr. 

no  rxn. 

339 

OFg  +  SF 

200“ 

no  rxn. 

339 

OFg  +  CSCIF4 

CIF5 

336,339 

OFg  +  ClF4SbF6 

200“,  500  pslg,  18  hr. 

some  Qg,  F2»  CIF5 

339 
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'H^SLE  m,(Oonoluda<!) 


Reactants 

Conditions 

Resulb 

Reference 

OFg  +  CsCl 

aoo® 

CsF.  Oq,  Clg,  GIF,  CIOrI' 

359 

0F2  +  UlOg 

110* 

CIF5,  ClCfeF,  CIO3F 

540 

OFg  +  ClgO 

150* 

CIF50 

S.iO 

OFg  +  els 

-70*  to  150* 

some  dec.  of  both 

340 

OPp  +  Clg  (or 

25* 

no  rxn. 

340 

GIF) 

OFp  +  Gig  ( or  GIF)  150® 

GIF,  (CIF3),  ClOgF 

340 

OgAsFg  + 

0*,  solids 

NCftAsFe,  O2  (ClgOe  dec.) 

351 

NO2CIO4 

OgAsB'e  + 

CsAsFe  +  Og,  Fg,  Brg 

352 

GsBrP4 

VTII-B.  Miscellaneous  Fluorinatlons 

Table  XXYI  sumraeirizes  the  results  of  a  number  of  stuhles 
mental  fluorine  or  CsF. 

TABLE  XXVT 

MISCELLAUEOUS  FLUORINATIONS 

employing  ele- 

Reactants 

Conditions 

Result 

Re fere nee 

liq.  O3/O2/F2 

8.5^  F 

miscible  and  stabilized 

72,73 

CiSCFjO  +  Fg 

0 

0 

CO 

CF5OP  (quantatively) 

75 

CsCF(CP3)20  +  Fg 

-80* 

CF3OF  +  CF4 

75 

NOCIF4  +  F2 

high  press.  -45  to 
300° 

Ki^O,  CIF5,  NOgF 

75 

COS  +  Fg/CsF 

-78* 

CF20  +  SF6 

76 

NgO  +  Fg/ CsF 

200°,  12,000  p3l,4 

hr.  no  rxn. 

76 
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Reactants 

Conditions 

Result 

Reference 

SFgO  +  CsF 

ISO*,  7  hr. 

no  rxn. 

76 

SFgO  +  CsF 

-78*  or  -40*,  CKsCN 

si.  ahs.,  unldent. 
peak  at  -51  ^ 

78 

FFjO  +  CsF 

40*,  &4  hr. 

some  abs.  of  FIB'jO 

77 

PF5O  +  CsF 

-30*,  CH3CK 

inconclusive 

78 

SFgOg  +  CsF 

-78* 

no  rxn. 

78 

CSNO3  +  Fg 

aOO*,  7100  psi,  4  hr. 

NF3O,  NOgF 

77 

CsF  +  WOCl 

25* 

CsCl 

77 

CsF  +  Clg 

25*,  24  hr. 

CsPClg? 

77 

CsF  +  COg 

25“ ,  120  pal,  CHsOH 

Cs+CFOg-7 . 

77 

KNO3  +  Fg 

-196* 

no  rxn. 

89 

CI^NO  +  Fg 

125*,  AgFg 

(Ci^)gN0CF5 

259 

Clg  •  OgAsF0  + 

Fg  -78* 

CIO5P,  ClOg,  Clg,  Cg 

356,357 

CF3OCI  +  Fg 

CF3OF 

356 

CsF.FC(0)NFg 

+  Fg 

CI^OP,  NF3 

436 
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TABLE  XXn 

MA33 

1  •  AgCgHsjNsOg 

IR:  (5) 

M&SS! 

MMR: 

2.  AsCIF^^q  ClFs-AiPs 

IR!  (885) 

Maas: 

NMR! 

3 •  AsFgNO 

IRt 
Mass: 

HMR:  (366) 

4..  AaFgNg 

IR:  (357) 

Mass: 

NMR: 

5.  AsPgNg  NgF4:AsF5 

IR:  (352) 

Mass: 

NMR:  (352) 

6.  AsFj^qN  NF4A3F6 

IR: 

Mass: 

NMR:  (477) 

7.  As^Fp0N^Oy  N4,OyPg(AsF0)^ 

IR:  (137) 

Mass: 

NMR: 
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N2F4(AaF5)x 


8.  A«xF4+5xN8 

IRl  (S55) 

M&ss: 

NMRs  (S5S) 

9.  Aa3{r4+5xN8 

IR!  (551) 

Maas; 

NMR!  (551) 
pl®:  .67 

.95  fh  f  Z  broad  rasonancea 

-154 

10.  BC5F4H4N5O6 

IR!  (5) 

Maaa: 

NMR:  (5) 

H^!  (a)  9.64  ppm,  doublet 

(b)  8.18  ppm,  doublet 


N8F4(A8P5)x 


(NOg)g 
.H(b) 


11.  BC5P4H5N3O4 


IR: 

Mass: 

NMR:  (5) 

(a)  8.62  ppm,  doublet 

(b)  8.17  ppm,  doublet 


"N' 
+NO8BF4- 


12.  BC6F4H7N4O4 

IR: 

Mass: 

NMR:  (6) 

#:  V3^5  =  7.55  ppm, 


+CH3BP4" 


vgj6  =  8.13  ppm/jg^3  =7.45  cps 


BFeNO 
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iRt  (ue) 

M488;  (l4e) 

IMRt  (148) 

15,  BrC4FH7N08 

IR!  (17) 
Mass: 

NMR: 


16.  BrF^NOg 

IR:  (426) 
Mass: 


17.  BreC5F4R4N4,0 

IR:  (274) 
Mass-; 

RMR: 


(CH8)a0HOO0SBr 


NOgBrP^ 


(CBr3CHIIPgNH)gC0 


18.  GCsFjO  Cs'^’OCFj 

IR:  (75) 

Mass: 

NMR:  (75) 

pl9;  +107.5  ppm,  singlet,  -OCFj” 

19.  CFgHjN  CI^HFa 

IR:  (232) 

Mass;  (232) 

NMR; 


20.  CF4O  •  CPjOF 

IR: 

Mass; 

NMR;  (284) 

78.5  ppm,  doublet,  downfield  -  CPj 
142  1^10  ppm,  quartet,  downfield  -  OP 
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IHj  (85S) 

Maaii  (8S8) 

NMRt 

88.  CFsNOg 

IR!  (386) 

Maast 

«MR; 

83,  CFgNOgSg 

IR:  (440) 

Maas: 

NMR: 

84.  CI^Ng 

IR:  (115) 

Maas: 

NMR: 

as.  CFgNgO 

IR:  (293) 

Mass:  (293) 

NMR:  (293) 

F^^:  126,6  ppm,  broad,  -OHFg 

66.8  ppm,  pentet,  >CFg 

26 .  CFeNgOg 

IR:  (385) 

Mass:  (385) 

NMR:  (385) 

27,  CFgN 


CFg(OP)ONFg 


CF(NFg)(0S08F)2 


(NFg)gC-NF 


£ 


aFg(ONFg)g 

“3,2  ops . . I 

^0 - NFg 


•NFo 


FpC(ONFg)g 


C(NF2)4 


IR: 

Mass:  (l46a) 
NMR: 


28 ,  CF ^jNOgS  g 

IR:  (405) 
Mass:  (405) 
NMR: 


SF50CFg0SF4NF8 
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S9.  CgClPsHBN2 


IRs 

Masst 

NMR!  (29S) 

F^9;  -4.6.9  ppm 
-21.4  ppm 


30.  CgClgS’sNsO 

IRs 

Maos: 

NMR:  (293) 


pl9.  -go. 9  ppm,  -NPg 
116.3  ppm,  jCF 


31.  CgClgF5HN4,0 

IR: 

Mass: 

NMR:  (293) 

pl9.  -23.4  ppm,  -NFg 
137,5  ppm,  -NHF 


32.  CgClgFeN^O 


IR: 

Mass 

NMR: 


pl9;  -25.3  ppm,  singlet,  -HFg 

33 ,  CgFgH4N 

IR:  (232) 

Mass: 

NMR: 


34,  C2rgH4N403 


IR:  (274) 
Mass: 

NMR; 


NF 

ClCHg-tt-NFg 


(FgN)gCF-O-N-CClg 


^2 

FHN-jl-O-N-CClg 

NFg 


(FgN)3C-0-N»CClg 


CH3C'N>HNF2  (solid) 
at  -160' 
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OgNNHCONHCHgNFg 


35. 


CONFIDENTIAL 


CgPgHgNgOgS 

IR!  (874) 
Mass; 

NMR; 


36.  C2P4H6N4O2S 

IR;  (874) 

Mass: 

NMR; 

37.  C2F4N4 

IR;  (849) 

Mass;  (249) 

NMR;  (249) 

f19;  -6.9  ppm,  rawp 
79.6  ppm,  $CF 

38.  C2P4N4O 

IR;  (299) 

Mass; 

NMR; 

39.  CgF40p 

IR;  (294) 

Mass : 

NMR;  (294) 

plS;  -188.0  ppn,  quartet,  OP 
70.8  ppm,  doublet,  CF3 

40.  C2F5HN2O 

IR;  (294) 

Mass:  (294) 

NMR;  (294) 

0,34  T,  -C(-0)H 
f19;  -28,6  ppm,  -NFg 

158.0  ppm,  >CF 


CH3S08NHCH2NF2 


FgNCHgNHSOgNHCH^NPg 


PN«CFN-NCP-NF 


Nv  JIFc 

P< 


O-N-CPg 


0 

CFj-d-OF 

0 

CF3 - 5 - OP 

^6.0  cps  — 


0 

(F2N)2CF-CH 
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41.  C8FSH2N4O  (F8N)aCF-NP-C-NHe 

IR; 

Mass: 

NMR:  (291) 


f19.  -24.8  ppm,  -NFa 
74.8  ppm,  jNF 
158.1  ppm,  pCF 


42.  C2F5NS 

IR:  (256) 
Mass: 

NMR:  (256) 


P’19: 


Trans 


F  F 

FoN-C-N-N-CF 


-NFg  >45.4  ppm 
N-C 

/  ^F  -9.1  ppm 

11.4  ppm  F 

F  bO.8  ppm 


Cis 


43,  C^FeHgNgOj 

IR:  (86) 
Mass: 

NMR:  (86) 

44.  CgFeHgNe 

IE:  (251) 
Mass: 

NMR;  (251) 


-18.3  ppm  F.  -41.2  ppm 

VcT 

'n»N  /P  -8.9  ppm 

Vir 

P  80.4  ppm 


p  >H 

(NFg)3C-NH-(i-lf 


NO2 


NP 

(PgN)8CP-N-N-(3-NH2 


Hi;  4.69  T,  -NHg 
pl9:  -20.8  ppm,  -KFg 
+9.2  ppm,  <»NF 
137.6  ppm,  ^CF 
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45.  CgFeNg 

IR:  (296) 

Mass; 

NMRt  (296) 

F**®!  12.4.  ppm,  >NF 

62.5  ppm,  -CFj 

112.5  ppm,  >CFg 

46.  C2FeN40 

IR!  (164) 

Mass: 

NMR; 

47.  CgFeNg 

IR:  (255) 

Mass: 

NMR:  (255) 
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48,  O2F5O4  (Oonoludtd) 


r— >35  ops— ^ 

F-0 - CFg-0 


F-0- 


•CFg-0 


49.  CgFyHN^O 


IRs 

Mass: 

NMR:  (895) 

l'19.  -27.6  ppm,  -NFg 

•H..S  ppm,  ”C(»0)F 

50.  CgF^NO 

IR; 

Mass: 

rWR;  (532a) 


SI.  CgFyNgO 

IR;  (292) 

Mass: 

MMR;  (292) 

-23.6  ppm,  -NPg 

9.6  ppm,  doublet  of  doublets,  -C(“0)F 
72.4  ppm,  >HF 
132.9  ppm,  JCF 


30  cps- 


(F2l'f)2CF— NF' 


F - C-; 

I — 60  cps — 


52.  CgF0N6 

IR: 

Mass: 

KMR: 
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0 

(FgN)30-NH-liF 


F 

(CF3)gN0F  or  (CF5)2N 


FgNv^  FO 
CF-N-C-F 

P2ir 


JIF 

(F2N)2CF-N-N-S-IIFg 


(249) 


CONFIDENTIAL 


CfcFloHgNeOp 

Mass: 

KMR:  (896) 

-88.8  ppm,  -NP2 
+1S8.6  ppm,  -MF 


IR; 

Mass: 

NMR:  (891) 

Hi:  4.3  T,  singlet,  >NH 
0.8  T,  doublet,  -NHF 

F^®:  -81.3  ppm,  doublet,  -NFg 


CgFigKgOg 

IR: 

Mass: 

MR;  (896) 


f19:  -85.2  ppm,  -C(IIF2)5 


C2H4LiN404 


IR:  (4) 
Mass: 

MR: 

CjClFR^NOg 

IR:  (18) 
Mass: 

MR: 

CjClFgl^RjjO 


IR: 

^&ss: 

MR;  (293) 

pl9;  -21.5  ppm,  -NPg 
141.3  ppm,  -NHF 
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p’g  m 

FHW-C-MH-NH-C-NHP 
ijFg  MFg 


(FgN)3C00C(HFg)3 


LiN(N0g)CH^CH2N(N0g) 


FN(C1)C02C2% 


pg 

ClCf^-CHg-O-C-HHF 

IJFg 
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64.  C5F4H6N4O 

IR!  (274) 

Mass: 

NMR: 

65 ■  C2F4H0N0O4 

IR:  (274) 

Mass: 

NMR: 

66.  C3F4H7N30gS 

IR:  (274) 

Mass: 

NMR: 

67.  G3F5H5N9O2 

IR: 

Mass: 

NMR:  (85c) 

F^®:  -21.0  ppm,  -NF2 

142.6  ppm,  -NHF 

68.  C3F6H2N6O 

IR:  (86) 

Mass : 

NMR;  (86) 

69.  C3F6%N302 

IR:  (294) 

Mass; 

NMR;  (294) 

5.49  T,  triplet,  -CI^-O-C^ 
6.10  T,  triplet,  -  CI^OH 
5.97  T,  -OH 

pl9;  -23.3  ppm,  -NFg 


F2NCHeNHC0NHCH2KPa 


C%[N(0HeNPg)NqB‘]2 


CH3S0gN(CHeNP2)2 


NFg  0 
FHN-(j!-0-CH^-C-NI^ 
NFg 


OT  0  p 

NFg-C-NII-C-NH-cJ-NFa 


H0-CH^-CH^-0-C(NF2)3 
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70.  OsFgHeN^ 


IR;  (274.) 

Mass: 

NMR:  (274) 

5.43  T,  triplet,  J  ■  24  cps 


pl9s  -42.7  6,  triplet,  J  -  24  ops 


71.  C3FSO3 


IR:  (296) 

Mass:  (296) 

NMR:  (296) 

F^®;  33  ppm,  -C(-0)F 

83.0  ppm,  -CFj 
95.8  ppm,  >CF2 


72.  G3F6O3 


IR:  (296) 

Mass:  (296) 

NMR:  (296) 

F^®:  68.9  ppm,  singlet,  -OCF3 

72.0  ppm,  singlet,  CF3C(“0)- 


73.  CjPgHN 


IR: 

Mass: 

NMR:  (296) 

f1®:  76.1  ppm,  -CP3 

134.9  ppm,  -NHF 
151.2  ppm,  aCF 

p .  -11.8  cps— 


'53  cps' 


- NH|’ 


3.2  cps 


CONFIDENTIAL 


N(CJfeNFa)5 


CF3CF2-O-O-8-F 


CP3-C-OO-CF3 


(CF3)2CF-NHF 


CONFIDENTIAL 


74.  CsFaOg 

IRs  (296) 

Mass:  (296) 

NMR:  (296) 

pl9.  -168.0  ppm,  doublet,  -OF 
68.7  ppm,  doublet,  -CF3 
90.6  ppm,  complex,  $CF 


75.  C3F9N3 

IR: 

Mass: 

76.  C3F12H2N8O 

IR;  (86)(164) 
Mass: 

NMR;  (86)(164) 

77.  C3H7N3O4 

IR;  (6) 

Mass; 

NMR; 

78.  C4CIF4H10N3O4 

IR:  (176) 

Mass: 

NMR: 

79.  C4CIF4H10N3O4 

IR:  (176) 

Mass: 

NMR: 


ck-O-Oy^  I - 25  ops — ] 

^CP - 03 

CFj-O-O'^ 


(235) 


OF 

CF3-  OO-CF-OO-CF5 


(CF2NF)3 


0 

(NP2 )3C-Nh8-NH-C(NF2 )3 


CH3.  ^NQg 
CH-N 


+  • 

^H2-9H-CH2-NI^gC104 
NFg  NFg 


NH3'^C104' 

NFg  NFg 
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80.  C^CXF6H5N404 


CONFIDENTIAL 


IR! 

Mass; 

IMt:  (SOS) 

F^®:  -S6.9  ppm,  -C(NFg)5 

81.  C4PH7lNCfe 

IR{ 

Mass: 

IJMR;  (17) 

F^9  .  ppm 

82.  C4FgI^N40g 

IR;  (274) 

Mass: 

NMR; 

83.  C4rgH5N20 


IR;  (274) 
Maas: 

NMR; 

84.  C^FgHgNeO^ 

IR:  (274) 
Mass: 

NMR: 


CHjCI^ 


-O-S-N-0- 


6l 


O(NPa) 


FN(l)CCfe-CH(CH3)2 


r2NCH^KHCQNHCH^C(NC^  )3 


85,  C^FgHyNgOg  CH3OCH-M 

,  ,  I  VuWCfe 

IR;  (274)  FgUCH-I^H 

Mass; 

NMR;  (274) 

Complex  series  (ring  CH)  region 
CK3  peaks  obscured  by  solvent 
NH  absorptions  0.72  and  1.21  t  CgHs 

F^®;  Two  doublets  centered  at  -50.8  6  (J  ■  27  cps)  and  -41,6  6 
(J  »  18  cps) 


86.  C4F2H8N2Cfe 


FaNCHgNHCOOCgl^ 
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IR;  (274) 
Mass: 

I®1R; 


I 


4 
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87.  C^FgHgNO 

IR;  (274) 

Mass: 

NMR: 

88.  C^Pjii^NgO 

IR;  (274) 

Mass: 

NMH; 

89.  C4P3H5ll^0g 

IR;  (10) 

Mass: 

JMR;  (10) 

pl9;  15.0,  singlet,  broad,  KF  ■  CP 

53.2,  doublet,  -NPC0-,  J  » -n*  26  cps 

63.4,  doublet  of  doublets,  “CP-,  fluorlmino  fluorine  coupled  with 
-GP-,  13  cps 

90.  G4F3H7l^0g  PgMCHgNPCOOCgHs 

IR;  (274) 

Mass : 

NMR; 


CH3(OH)MPgOgH5 


H 


KP-CMPOC^CgHg 


91.  C4P4HgN6 

IR;  (274) 

Mass: 

NMR:  (274) 

6.41  T (solvent) 
-0.30  t( solvent) 
6.35  T  (MeCN?) 

plS;  +24.0  6 

92 .  C4F4H4N4O2 


FgNCH-HraO 

F2NCH-rJ-H 
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IR:  (274) 
Mass: 

MMR; 


GONFIDENTUL 

93.  C4F4Hfe0s 

IR!  (274) 

Mass: 

MMRs  (274) 

H“;  2.45  T,  3.18  t,  (NH),  troad  peaks 

3,98  T,  quadruplet,  J  •  17  ops 
4.05  T,  doublet,  J  -  24  ops  (CH) 

jpl9j  -28.7  6,  doublet  J  »  27  ops 

-30.8  6,  quintuplet,  J  >.  17  ops 

94.  C4^F4HeMg0g 


IR:  (274) 
Mass: 

’  NMR; 

95.  C4F4KgN4Pg 


IR:  (274) 
Mass: 

MMR: 

96.  C4F4H0l^O2 

IR:  (274) 
Mass: 

NMR: 


F2NOT-N-C0MI% 

I 

FaNCH-NH 


^  ^V-NFa 

ko^^NFg 

(F2NCHNHCH0)a 


CHjOCHKPgCHNFgOCI^ 


97.  C4^F4HgN'gO@ 

IR:  (274) 
Mass: 

NMR: 


9S.  V^HioI^404S2 

IR:  (274) 
Mass: 

NMR: 


F2N'CI^N(N’qg  )CHgN(NC^  )CHgN(NC^  )CI^NF2 


(FgWCHNHSC^CHg  )£ 
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99.  C^FgHgC^ 


IR:  (46) 

^te.ss: 

MMP.;  (46) 

-19.8  ppm,  singlet,  broadened,  NFg 

+77.4  ppm,  singlet  1^0 

+97.9  ppm,  doublet  (J  «  12  cps)  -Cjj) 


100.  C4F6l%N3C^ 

IR!  (175) 
Mass; 

RMR: 

101.  C^FeHsNgO^ 


IR:  (177) 

Mass: 

MMR:  (177) 

4.42  T,  JCH 
5.20  T,  >CHg 


102.  C4F6H6N4C^ 


IR!  (296) 
Mass; 

TO!  (296) 


Hi; 


6.12 

6.16 


pl9.  -24.0  piim,  -NFg 


105.  C4F6H6N-4C^ 

IR: 

Mass; 

TO:  (292) 

8.7  T,  triplet,  CHj" 
5.71  T,  quartet,  >CI^ 
0,55  T>  singlet,  >HH 

f19:  -24,5  ppm,  -NFg 
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NPgCFaKFOOfeCaHs 


0Hg-C!H-CHe-0C(NPg)3 


CaN-0-CI^-CH-CH^-0C(NFg 

ONOg 


(F2N)3C0N»C(0CH3)2 


0 

CHaCH3-0-C-NH-0-C(NFg )3 


CONFIOENTIAl 


104.  C4F6H7N!jO 

IR:  (274) 
Mass: 

NMRs 


105.  C4PaH4N4Cfe 

IR:  (274) 

Masa: 

UMR!  (274) 

Ip  ;  4.4t)  T,  triplet,  J  »  19  cpa 

pi 9;  -34.3  6j  doublet,  J  •  20  cps 

-33.0  5,  doublet,  J  ■  20  cps 
31.2  5.  In'ond  band  (impurity  ?) 

106.  C4P8O3 

IR:  (296) 

Masa:  (296) 

NMR: 


107.  C4Pgll2lT502 


IR;  (86) 
Mass; 

NMR;  (86) 


(PgNCIlg  )gNCONHCI%NIi’g 


PoN  ^0.  NPo 

xy 

PgN^0‘'NP2 


0 


CFsC-O-O-CPg-CFs 


4 


9  0 

(NPg  )3C-NII-b-Nll-C-CF3 


lOU.  C4Fi2H4NqC^ 

IR;  (163) 
Mass; 

NMR:  (163) 


109.  O4P13H3N7O2 


IR;  (163) 
Mass: 

Nlffl;  (163) 


0 

(NFg  )3CNHCJ^0CNHC(NP2  )3 


. ,  .(NFg)3CNFCHg0cfc(NF2)3 


110.  C5CIH4N4O10 

IR:  (6) 

Mass: 

NMR;  (6) 

vg  >■  8.89  ppm,  V5  *>  7.53  ppm,  vs 
J3  0  ™  .22  cps,  Jq  g  ^  0.3  cps 


8.13  ppm 


+NCfeC104" 
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U  1. 


C^ClHsN^Og 


112. 


IRt  (6) 

Masu : 

NMR!  (6) 

iiiiiRlf't,  V 
two  lioubl 
Or,oieZiW.^\o 


'Nil  : 

ato  {"2, 
l''3, 


9.89 

6  ■ 
5  ■ 


8.91  ppm 
6.75  ppm  “2,. 3 


tilCfeClO^’ 


0.00  cps 

(CCl2CHNPgNH)gC0 


IR:  (274) 
Mass: 

NMR: 


113.  CgFH^NgOg  FC(NC^)gCH^OCHgCH-CHg 

IR:  (49) 

!4ass: 

NMR:  (49) 


H^:  6  a  S. 56  -  6.20  (12  line  pattern,  doublet  of  doublet  of  triplets) 

^cis  “  ®  "^trans  “  '^allyl  " 

Internal  olefin  proton  at  a  terminal  vinyl  group 
6  a  5.06  -  5.51  superposition  of  multiplets  (external  olefin 
protons  of  vinyl  group) 

6  a  4.58,  doublet  (jjjp  "  18  cps)  CHg  in  the  fluorodinltroethyl 
moiety 

6  =  4.15,  doublet  (J  =  5.5  cps)  allyllc  CHg 

pl9.  0  =  111.0,  triplet,  Jjjp  -  13  cps,  fluorine  in  the  fluorodinitro- 
methyl  moiety 


Li4. 


C5FH10NO4S 


IR: 

Mass: 

NMR:  (45) 

11^!  116,  137  cps,  multiplet 

3.13,  3,10  ppm  (TMH) 

4.26,  “  2.8  t  0.3  cps 

8.83,  Jdoublet’  25.2  -  0.4  cps, 
resolved  triplets 


G 

HSO^ 

Clfe  CH 

I  1 

c&  .CHg 

•^triplet  -  2 


F^®;  -157.53  t  0.03  ppm,  broad  doublet  (ilF),  J  =  24.1  1  0.5  cps 


115.  CsFgHgNO 

IR:  (274) 
Mass: 

NMR; 
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lie.  CsFpHgNgOs 
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IRs  (274) 
Mass: 

NMR; 


117.  C5F4H6N40a 

IR:  (274) 
Mass : 

NMR: 


118.  C5F4HeN40 


IR:  (274) 
Mass: 

NMR: 


119.  G5F4H10N4O 

IR:  (274) 
Mass: 

NMR: 

120.  C5P4Hio\0 

IR:  (274) 
Mass: 

NMR: 

121.  ;C5F4Hi_iN30 

IH:  (451) 
Maas; 

NMR:  (451) 


122.  C5F4Hj_;iN30  < 

IR;  (451) 
Mass: 

NMR;  (451) 


CoHsOCH-ira 

I  >M^0, 

F2NCH-ljH 


FgNCH-n-CHO 

I 

FgNCH-rMHO 


c4n(CP12NF2  )C0N(CRgNF2  )^'‘2 


FaNCi^NCaHsCONHCf^Nra 


CH3CH(NF2 )NHC0NHCH(NP2 )CI^ 


I 
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188. 

IR: 

Mass; 

mt  (294) 
f19:  -22.8  ppm,  -NTj, 

129. 


IRs 

Maas; 

(294) 


-23  ppm,  -KPa 

+123.1  ppm,  doublet  of  quartets,  jCF 


130.  CsFaHsIfeOs 


(FgN)3CO-CI^-S-0-CH 

6h! 


■64  c/s‘ 


‘24  c/s* 


IRs  (294) 
Mass; 

I®®:  (294) 


h1;  1.25  T,  -ifflp 

S.4  T,  -01^ 

f1®:  -21.3  ppm,  -KPa 

76.0  ppm,  -CF3 
139.1  ppm,  -NHF 

131.  C5PgH;3NgO 

IR:  (274) 

Mass ; 

NMR:  (274) 


p 

CH3CI^O-8-0Ha-0O(NFg)3 


0 

(FgN)3C0-CHg-ti-0^ 


0 

li 


F2 

CFgC-O-CRg-Cl^-O-p-NHI'’ 


NFo 


FgNCH-N-(5!HgNPg 

F2NCH-N-CH2NPa 


Hi;  15  peaks  (triplet  and  pair  of  sextuplets)  4.15  -  5.72  - 
CKg  groups  and  nonequivalent  ring  CH-rings 

plS;  -30.5  6,  doublet,  J  ■  18  cps,  CHNFg 
-43.2  6,  triplet,  J  ■.  21  cps,  ClfoMFa 
Doublet: triplet  in  1:1  ratio 
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132.  C,3FqHqN60 

IRt  (274) 

Mass; 

NMR: 

133 .  CgFgH^NjOg 

IR!  (294) 

Mass: 

RMR:  (294) 

'5.37t,>CI^ 

pl®:  -23.0  ppm,  -NPg 
75.0  ppm,  -CP^ 

134 .  C5F13H3N3O6 

IR:  (175) 

Mass: 

KMR:  (175) 


(F8lWH^)2NC0N(CHgNFg)g 


9  ,  , 

CF5-C-0-CHg-CI^-0C(NPg 


(08N)2-CP-g 


- 9H2 

(1^2)3  0C(lTlg)2 


pl®:  -23.9,  -NFg 
+118,  -CF 

135.  C5H3N5O6 

IR; 

Mass: 

NMR:  (5) 

a  ■  8.97  ppm,  doublet 
b  »  9.19  ppm,  doublet 

136.  CsI-IjNsOs 

IR;  (6) 

Mass: 

NMR;  (6) 

'^NHNCfe  “  PP® 

Vg^6  =  2.02  ppm 
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137.  C5K4N4O4 

IR! 

Maas! 

NMRs  (5) 

(a)  8.00  ppmi  doublet,  J:  between  protons  in  5  and  6  position 

4.6  ops 

(b)  8.74  ppm,  quartet 

(c)  9.24  ppm,  doublet,  J:  protons  ^  and  5  position  1.4  ops 

138.  CgH^N^O^ 

IR: 

Mass: 

MR:  (6) 

Protons  5  and  6  position  Jg  g  ■  8.16 
Ug  B  7.64  ppm,  vg  ■  8.26  (two  doublets) 
proton  number  2  position  Vg  »  9.04  ppm 

Jg^6  ~  “I’® 

159.  C5H;4W404 

IR;  (5) 

Mass; 

MMR;  (7) 

Vg  g  ■  9.19  ppm 
Vj’g  “  7.10  ppm 

140.  CgHgNgOj^Q 

IR;  (176) 

Mass; 

IJMR;  (175) 


(0gN)3C-CI%-N-CH(CH20H)2 


Hi;  4.40  T,  -ClHg-C(N0g)3 

5.25  T,  >CH 

6.25  T,  -CHgOII 
6.78  T,  -CIH2OH 

^NOg 

141.  C5H]_3_N304  CHs-CHe-CHfe-CHe-CHg-N 

'^NOp 

IR: 

Mass; 

MR;  (2) 

Hi;  a -methylene  protons 
6  "4.15  ppm  from  TMS 
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142.  CePH;^0%  CH5CONFC0gCH(CHs)2 

IRl 

Maas: 

NMRj  (17) 

pl9.  +68.8  ppm  (relative  to  Internal  Preon-ll) 


145.  CgFgHQNgOQ 

IR!  (274) 
Mass: 

NMR:  (274) 


(CO 

^M2HgC(NOB)3 

Jjhb 

0*^ 


H^!  5.08  T,  triplet,  ®PS 

5.01  T,  peak  '  Cl^) 

4.88  T,  peak  LCHeC(NC^)3]  ,  ratio  1:2:1 


pl9.  -44.5  6,  triplet, 
144.  C6F2HioHgN204 


Hg(NFC02C2H5)g 


IR: 

Mass: 

NMR:  (16) 


pl9:  CHCI5  solvent, troad  absorption  at  87.8  ppm 
CH3CN  "  "  ”  "  92  ppm 

145.  C0F4l%N4,O3  (FgNCHNHCOCOOH)g 

IR:  (274) 

Mass: 

NMR: 


146.  CeF4HioN20g 

IR:  (274) 
Mass: 

NMR: 


147.  C6F4%oN402  ’  (FgNCmnrC0CH3)2 

IR:  (274) 

Mass: 

NMR: 
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CONFIDENTIAL 


(FgNCH^)gNCaN(CHgNrg)CHgC(NC^ ) 


IR:  (S74) 

Mass: 

NMR; 

154.  C6F6H11N3O3 

IR: 

Mass: 

NMR:  (I7aa) 

155.  OsFgHigNeO 

IR: 

Mass: 

NMR:  (297) 

H^:  6.87  T,  -CHj 

-84,5  ppm,  -NFg 

156.  CeF3HeNeO 

IR:  (453) 

Mass: 

1®©: 


C2H50CHg-9H-CHe0C(NF8 )3 
OH 


(FgN)3C0N«C[N(CH3)2J 

2 


Fs 

HFgN 


'C-9-CH5 

N  NFg 


157.  CgFaHgWeOg 

IR:  (274) 

Mass: 

NMR:  (274) 

H^:  1.09  T,  singlet  (CHO) 

3.68  T,  triplet,  J  *•  23  cps  (Ring  CH), 
each  peak  split  into  doublet  J  ■  4  cps 


F^^?  Complex  spectirjm  between  -40.9  6  and  -36.3  6 


158.  CQFQHgN4 

NFp 

NFp 

“\  /  ® 

IR:  (274)  X  X 

Mass: 

NMR:  (274) 

I?Fg 

NFg 

7.61  T,  single  peak 
f19:  -27.4  6,  single  peak 
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159.  CgFQHgN^Og 

IR!  (S74) 
MasP: 

WMR; 


Me  Me 


FoN 


NFq 


I^N  ^0“^  NFg 

or  isomar 


160.  CgFgHioNgO^Sg 

IR;  (274) 
Mass: 

i\IMRj  (274) 


3.95  T,  -triplet,  J  =  21  cps  (Ring 

f19:  -41.3  6,  doublet,  J  =  12  cps 
-38.7  6,  doublet,  J  =  12  cps 

pg 

161,  CgFoHgNjOg  FgNCHg-lf-CHeCHgOCOCFs 

NFg 

IR: 

Mass: 

NMR:  (440) 


fOgCHs 


■“  HCNPg 
PgNCH  RCNFs 


FgNQH 


HCNFg 

I 

SOgCHs 


CH) 


162.  CeFioH4N402 


(FgNCHNHCOCFj )g 


IR:  (274) 
Hass: 

RMR: 


163.  CgF^gH^NgOg 

IR:  (174) 
Mass; 

NMR: 

164,  CgF^gH^NgOg 

IR:  (86) 
Mass; 

MR;  (86) 


HC^C-CH - (j!H-C0gH 

?  9 

C(IIF2-)3  C(NFg)3 


(lIFg)3-C-N - C=0 

CH^  p 
CHg— 0-C=N-C(lJFg  )3 
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.165.  C6P3.2H5N9OQ 

IR;  (175) 

Mass; 

MR;  (175) 

F19:  -23,8,  -Nli’g 

166.  C6Pi2l%N60^ 

IR;  (174) 

Mass; 

NMR:  (174) 


5.5  T,  OHg 
4.28  r,  CII 

(Cis) 

f19; 

-24.0,  -NFg 

5 .5  T ,  CHg 

4 . 45  T ,  CH 

(trans) 

F19; 

-24.0,  NFg 

,H8N804 

IR:  (178) 
Mas  s : 

NMR;  (178) 


r’-9;  -27.0,  -NFg 

168.  CyFgH^LsNOj 

IR;  (274) 

Mass: 

NMR: 

169.  C7F4HeN^ 

IR;  (315) 

Mass: 

NI®: 


(N0g)3C-CHg-CH-CHQ-C-C(NF2;v 
(5C(ITF2)5 


(F2N)3C0-CH— •CH-0C(NFg  )z 


(F2N)3C0*CH2-CH2-^-CH2-CH2-0C(NF2)3 

NOg 


(C2H5)gCHC(OH)NF2CH5 


C6H5 

HC-NFg 

NFg 
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Hg(NPC0gCH(C%)2 


V’3.  CgF^Hi^HBiNgO^ 

IRs 
Masfl; 

NMR:  (16) 

F^®;  +90.8 

r/6.  OQP4H6N4O2  (FgNaHlJHC0CiaH)2 

IR:  (874) 

Maas: 

NMR; 


177.  C8F4HQW2 

ngG-^NFa 

IR:  (315)  NFa 

Maas; 

I'lMR; 

178.  CqF4%4N404  ( FaNCHNWOOCgl-Is  )g 

IR;  (874) 

Mass: 

NMR;  (27.1) 

H^:  5.83  T,  quadruplet,  0  =  7.2  ops'  (CH^) 

2.17,  2.30  T,  broad  doublet,  J  »  7,8  cps  (iJH) 

3.8  -  4.8  T,  ccmplex  multiples  (CH) 

F^'®;  -26.9  6,  doublet,  J  »  27  ops  , 

■  -31.0  6,  singlet 
-35.2  6,  doublet,  J  =  12  ops' 


179.  CQpgHioNe02 

IR;  (274) 
Mass: 

NMR; 


F2NCIM-  OT-l^HgNFg 

0=c;  I  ^=0 

FR'NCHgN- CH-NCIigNFg 


180.  ^8^8^12^6®2  v,FgNCNNHCOCIfgCHgNFg  )g 

IR:  (274) 

Mass : , 

NMR; 
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161.  CeroHi4N408 

IRj 

M»8p: 

NMRt  (455)  , 

18S . 

IR}  (274) 

Mads: 

NMR: 

165.  C3Fj^g)iQN3_oOj_o 

IR! 

Mass: 

NMR:  (178) 

hIj  4.50  T,  singlet,  -CH2-0C(NPg)5 
7.02  T,  -Clfe-CHg- 

pl9:  -25.1  ppa,  singlet*  -KPg 

184.  CqFiqH8N,oOs 

ra:  (176): 
ilasB! 

MRS  (176) 

.  His  6.04  T,  singlet,  -C!I^-0C(NI’g)3 
6.07  T,  -CHg-ONC^ 

pl^s  -24.5  ppm,  singlet,  -NPg 

185.  CgFg^HgNj^gO^ 

IRs  (174) 

Mass; 

MR;  (174) 

pl9:  -23.6  ,  singlet,  -KFg 


(-d^-OCHg-Cd^yg  )gCH5  )g 


'CHg-0-CHg-0C(NFg)3 


CfeN-0-CHg-c[CH2-0C(NF2 )3] 


(P2N)3C0-CH2-^H - f’H-CHgOC(NF2)3 

C(NF2)3  ^(’”'2)3 
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186.  CgPeHllNs 

IRs 

Mass; 

NMR:  (49) 

7.4  -  6.0  6,  complex  ea'omatlc  nultlplab 

1.5  6|  symt  triplet,  J  ■  1.0  opa 

1.9  6,  small  slnglat,  acetone  contsuninant 


F“®:  -85.3  ji,  broad  singlet 

187. 

IR:  (274) 

Mass: 

NMRj 

188. 

IR:  (274) 

Mai^s ; 

NMR:  (274) 

<-.4  T,  triplet,  J  «  24  cps 
-45.6  Ti  triplet,  J  =  24  I 

189.  C^o^4Hi2% 

' '  IR: 

Mass: 

IMli  (455) 


,  ^  ,■ 

190.  CioP4Hl4l^406 

IR:  (274) 
Mass: 

MR: 

191,  ChjF4H;L6%'^8^2 

IR:  (274) 
Mass: 

MME: 


OHgCNCCHgNPa )C00C8Hs]2 


's. 

( PgNCKp  )8)\9 ''  f  N(  CHgUPa  h 

N(CReNF2)2 


(FgNCHNHCOCOOC8H5)s 


16? 

CONFIDENTIAL 


CONFIDENTIAL 


197.  (Oonoluded) 


CONFIDENTIAL 


8.0  -  8.7  T,  Internal  -CI^- 
5.5  T,  -GHg-0C(NF2)5 


198.  CiiP^HgoWiOe 

IRt  (274) 

Maaa: 

MR: 

199.  CigPi^2HioNi60i4 

IRl  (274) 
Maas: 

MR: 


200.  C15F4H14N2O2 

IR: 

Mass: 

MR:  (453) 


201.  C2^3FeHggN@Og 

IR:  (274) 
Mass: 

MR: 

202 .  Ci^4F24Hi4%20io 

IR:  (175) 
Mass: 

MR: 


(C2l%00CMH)gCHCH(HFg  )NHC00W 


O-C-CgHg 


Hc[N(CH2NFg)COOCgH5]3 


?C(NF2)3  90(1572)3 

9H2  0  9C(NF2)3  0  feg 
HO-CHg-CH-O-C-CH-^H— C-O-CH-CI^On 
0C(NF2)3 


IR;  (166) 
Mass ; 

MR: 

204 ,  C16F12H16N10Q2 

IR;  (274) 
Mass: 

MR: 


(F2N)3C0-C}^-CH-0 - lUcHg 

(FgN)3CO-Cl^-6H 

0C(NFg)3 

-  2 


CgHsN  NCHDFg 
FgNCH— H-CMF2 


2 
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804.  Ci6*'ia”l6NlO°te  (Oonoludtd) 

S.9S  T|  triplet,  J  ■  19  ope  (CH) 

6.4  t,  quintuplet,  J  »  6  opS'  (OHfe) 

pl9j  indlBtlnot  speotrum  due  to  solubility  dlffioultlea  peak  -29.9  6 
205.  (S7,)500(0%)ie00(»^)5  0,% 

IRl  (180) 

Maeet 

NMRt 


806 .  CI2D5NO11 


DNO5 *200104 


IRs  (121) 
Mass: 

IMR: 


207.  CIF2N 


NFgCl 


IR:  (518) 
Mass: 

MIR: 


208.  CIP3O 


CIP3O 


IR: 

Mass:  (425) 

NMR:  (425) 

209.  C1F4+(?) 

IR: 

Mass: 

NMR:  (76) 

ylS*  -271  ppm,  in  AsFs  soln,  broad 
-265  ppm,  in  BrFs  soln,  doublet 

210.  ClF4N0g 

IR:  (423) 

Mass: 

NMR;  (423) 
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211.  ClFs 

IRs  (559) 

Mas  St 

NMRt  (4.ROa) 

212.  OIH4NO4 

IRs  (100) 

Masas 

RMR: 

213.  ClOg 

IR.  (534) 

Maas: 

NMR; 

214.  Glgi%NOij_ 

IR:  (ISI) 

Mass: 

NMR; 

215.  ClgOg 

IR.  (533a) 

Mass : 

RMR: 

216 .  FNO 

IR: 

Mass: 

NMR:  (420a) 

217.  FNOg 

IR; 

Mass: 

NMR;  (420a) 

218.  f1®N03 

IR;  (284) 

Mass; 

NMR;  (284) 

f19;  221.5  ppm  dcwnfield  from  CFCI3 
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riFs 


NH4OIO4 


CIOC 


HN03  *21^104 


Cl20g 


FNO 


FNCfe 


NO3FI8 


CONFIDENTIAL 

819.  FC3j3 

lilt  (53Bb) 

Maaat 

IlMRt 

sso.  roj 

JR!  (S32to) 

I4as8i 

NMRt 

881.  PO4 

IRs  (552b) 

Mass: 

NMRf 

828.  FgHN 

IR:  (232) 

Maas: 

NMR; 

223.  FgH3NO 

IR:  (232) 

Mass : 

NMR: 

224.  FaOg 

IR:  (263) 

Mass: 

MR: 

225.  Fg03 

IR;  (532b) (263) 

Mass: 

MR: 

226.  F2O4 


OgF 


O3F 


O4F 


•HNE)2( solid)  at  -160“ 


HgO.HWFg  solid  at  -160“ 


pgFg 


O3F2 


04!^ 


IR;  (S32b) 
Mass: 

MR; 
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287.  p^ai 

IR:  (579) 
Mass: 

NMR: 

286.  J^NO 

IR:  (Ifil) 

Maaa: 

RMR; 

SS9. 

IR}  (ISI) 
Mass: 

NMR: 

850.  FgSb 


IR:  (69) 
Mass: 

RMR: 


Sllfe 


NSI5O  solid 


F-  •  • 

w  % 


■SbFg 


251.  PgKOPfc 

IR:  (571) 
Mass: 

KMR: 

232.  FgNOgPt 

IR:  (571) 
Mass; 

NMR; 

233.  FeNgOgPt 

IR;  (517) (513) 
Mass: 

NMR: 

234:  FgMgOgPt 

IR;  (571) 

Mass: 

NMR! 


NOPtFs 


NCfePfcFg 


(NO)gPfcFg 


NgC^PtFg 


173 

CONFIDENTIAL 


255.  F7K0Pt:;;(^"^ 


IR:  (570) 
Mass: 

NMR; 


236.  Fi(jNSb  ..i! 


IRs  (477) 
Mass: 

Hffi:  (477) 


237.  Pij^Sbg 


IR:  . 

Mass: 

NMR:  (479) 


238.  F  W  Sh.'  .  . 
14  2  2 


IR: 

Mass: 

m:  (490) 


239.  %02 


IR:  (330) 
Mass: 

NMR; 


.''tTi  V, 


174- 

OINTISMVIlt) 


NOPtFy '  ■ 

(G^"}  •Hr 
; I.' 

NF4SbF6 


NgP4»23bFg  complex 

t  ■•.v'v  l 

Hg(^- 


-}v 


BXBLIOCHRAHg 


1. 


2. 


3. 


5. 


6. 


7. 


8. 


9. 


10. 
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Contract  No.  DA-31-124-AR0D-205,  October  1966. 

378.  Research  Institute  for  Advanced  Sciences,  Final  Report,  Contract  No.  DA-31- 

124-AR0D-203,  March  1966. 

379.  Rice  University,  Progress  Report  No.  7,  Contract  No.  DA-31-124-AR0D-110, 

"Research  in  Fluorine  Chemistry,"  March  1965. 

380.  Rocketdyne,  Report  No.  R-6180-1,  Contract  No.  AF  04(611) -8550,  "Investigation 

of  Liquid-Metal  Hydrides,"  May  1965. 

381.  Rocketdyne,  Report  No.  R-6180-2,  Contract  No.  AF  04(61l)-8550,  August  1965. 

382.  Rocketdyne,  Report  No.  R-6180-3,  Contract  No.  AF  04(611) -8550,  November  1965. 

383.  Rocketdyne,  Final  Report  No.  R-6475,  AFRPL.TR-66-76,  Contract  No.  AF  04(611)- 

8550,  May  1966. 

384.  Rocketdyne,  Final  Report  No.  R-6312,  AFRPL-TR-65-216,  Contract  No.  AF  04(611)- 

9070,  "Development  of  a  Light  Metal  Hydride  Hybrid  System,"  December  1965. 

385.  Rocketdyne,  Quarterly  Progress  Report  No.  5372-6,  Contract  No.  AF  04(61l)-9377, 

"Research  in  High  Energy  Oxidizers,"  31  March  1965. 

386.  Rocketdyne,  Report  No.  R-6256,  AFRPL-TR-65-172,  Contract  No.  AF  04(61l)-9377 , 

October  1965 . 


387.  Rocketdyne,  Final  Report  No.  R-6147,  AFRPL-TR-65-125,  Contract  No.  AF  04(611)- 

9380,  "Physico  Chemical  Characterization  of  High  Energy  Storable  Propellants," 
May  1965. 

388.  Rocketdyne,  Addendum  to  Final  Report  No.  R-6445,  AFRPL-TR-66-184,  Contract  No. 

AF  04(611) -9563,  "Preparation  and  Characterization  of  a  New  High-Energy  Oxidizer, 
September  1966. 
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389.  Bocketdyne,  Report  No.  R-5803-3,  Contract  No.  AF  04(611) -9882,  "Preparation  of 

High-Density  Light  Metal  Hydrlda-2,"  February  1965. 

390.  Rocketdyne ,  Report  No.  R-5803-4,  Contract  No.  AF  04(611) -9882,  May  1965. 

391.  Rocketdyne,  Final  Report  No.  R-6277,  AFRPL-TR-63-193,  Contract  No.  AF  04(611)- 

9882,  December  1965. 

392.  Rocketdyne,  Report  No,  R-6218-1,  Contract  No.  AF  04(611) -10544,  "Physicochemical 

Characterization  of  High-Energy  Storable  Propellants,"  July  1965. 

393.  Rocketdyne,  Report  No.  R-6218-2,  Contract  No.  AF  04(611) -10544,  October  1965. 

394.  Rocketdyne,  Report  No.  R-6218-3,  Contract  No.  AF  04(611) -10544,  January  1966. 

395.  Rocketdyne,  Report  No.  R-6218-4,  Contract  No.  AF  04( 611 ) -10544,  April  1966. 

396.  Rocketdyne,  Beport  No.  R-624a-l,  Contract  No.  AF  04(611) -10546,  Engineering 

Properties  of  Rocket  Propellants,"  July  1965. 

397.  Rocketdyne,  Report  No.  R-6248-3,  Contract  No.  AF  04(611) -10546,  January  1966. 

398.  Rocketdyne,  1st  Quarterly  Progress  Report  No.  R-6343-1,  Contract  No.  AF  04(611)- 

10781,  "Preparation  of  Hypergolic  Liijuid  Propellant  Combinations,"  October 

1965. 

399.  Rocketdyne,  1st  Q\iarterly  Report  No.  R-6354-1,  Contract  No.  AF  04(611) -10809, 

"Inhibited  K2O4,"  October  1965. 

400.  Rocketdyne,  2nd  Quarterly  Report  No.  R-635ft-!I:,  AFRPL-TR-86-92,  Contract  No. 

AF  04(611) -10809,  April  1966. 

401.  Rocketdyne,  3rd  Qxiarterly  Report  No.  R-6354-3,  AFRPL-TR-66-166,  Contract  No. 

AF  04(611) -10869,  July  1966. 

402.  Rocketdyne,  Report  No.  R-6348-1,  Contract  No.  AF  04(511) -10923,  "Research  in 

High-Energy  Oxidizers,"  October  1965. 

403.  Rocketdyne,  Report  No.  R-6348-2,  Contract  No.  AF  04(611) -10923,  .January 

1966. 

404.  Rocketdyne,  Report  No.  R-6348-3,  Contract  No,  AF  04(611) -10923,  April  1966. 

405.  Rocketdyne,  Final  Report  No.  R-6684,  AFRPL-IR-Se-RlO,  Contract  No.  AF  04(611)- 

10923,  October  1966. 

406.  Rocketdyne,  Report  No.  R-6626-1,  APRPL-TR-66-163,  Contract  No.  AF  04(611) -11532, 

"Investigation  of  Liquid-Metal  Hydrides,"  July  1966. 
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407.  Rocketdyne,  Report  No,  R-6626-2,  AFRPL-TO-66-273,  Contract  No.  AP  94(611)- 

115S2,  October  1966. 

408.  Rocketdyne,  Report  No.  R-6626-3,  APRPL-TR-67-9,  Contract  No.  AP  04(611) -11532, 

January  1967. 

409.  Rocketdyne,  1st  Interim  Report  No.  R-6683-1,  Contract  No.  AF  33(615)-3694, 

"Manufacturing  Process  for  Energetic  Storable  Oxidizer,"  August  1966. 

410.  Rocketdyne,  2nd  Interim  Report  No.  IR-8-269(ll),  Contract  No.  AP  33(615)-S694, 

November  1966. 

411.  Rocketdyne,  Report  No.  R-62b9-l,  Contract  No.  DA-18-035-AMC-348,  "Investigation 

of  Oxidizers  as  Flame  Agents,"  July  1965. 

412.  Rocketdyne,  Report  No,  R-6269-2,  Contract  No.  DA-18-035-AMC-348(A) ,  October 

1965. 


413.  Rocketdyne,  Report  No.  R-6269-3,  Contract  No.  DA-18-035-AMC-548,  May  1966. 

414.  Rocketdyne,  Final  Report  No.  R-6609,  Contract  No.  DA-18-035-AMC(A) ,  August 

1966. 


415.  Rocketdyne,  Special  Technical  Report  No.  R-6803,  AFRPL-TR-66-318,  Contract 

No.  F04611-67-C-0006,  "Chlorine  Pentafluoride  Handbook,"  November  1966. 

415a.  Rocketdyne,  Final  Report  No.  R-7110,  AFRPL-'IR-67-276,  Contract  No.  F04S11-67- 
C-0006,  "Interhalogen  Handbook,"  November  1967. 

416.  Rocketdyne,  is fc  Q,uarterly  Rupert  No.  R-6e40-l,  APRPL-TR-66-346,  Contract  No. 

F04611-67-C-0007,  "Research  in  High-Energy  Oxidizers,"  December  1966. 

417.  Rocketdyne,  Report  No.  R-6190,  Contract  No.  Nonr  1818(00),  "Research  in 

Fluorine  Chemistry,"  April  1965. 

418.  Rocketdyne,  Report  No.  R-6258,  Contract  No.  Nonr  4428(00),  "Inorganic  Halogen 

Oxidizers,"  28  May  1965. 

419.  Rocketdyne,  Summary  Report  No.  R-6190,  Contract  No.  Nonr  1818(00),  "Research 

in  Fluorine  Chemistry,"  June  1965. 

420.  Rocketdyne,  Report  No.  R-5883-3,  Contract  No.  Nonr  4428(00),  "Inorganic  Halogen 

Oxidizers,"  March  1965. 

420a.  Rocketdyne,  Annual  SumnExy  Report  No.  R-6259,  Contract  No.  Nonr  4428(00), 

28  August  1965. 

421.  Rocketdyne,  Report  No.  R-5883-4,  Contract  No.  Nonr  4428(00),  28  August  1965. 
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4;:;?.  Rocketdyne,  Report  No.  R-5ea3-5,  Contract  Nfi.  Nonr  4428(00),  December  1965. 

423.  Rockotdyne,  Report  No.  R-5883-6,  Contract  No.  Nonr  4428(00),  Mttrch  1966. 

424.  Rocketdyne,  Annual  Gunimary  Report  No.  R-6641,  Contract  No.  Nonr  4428(00), 

May  1966. 

4S!3.  Rocketdyne,  Report  No.  R'6736-1,  Contract  No.  Nonr  4428(00),  Septem'ber 
1906. 

426.  Rocketdyne,  Report  No,  R-6736-2,  Contract  No.  Nonr  4428(00),  December  1966. 

426'j,.  Rocketdyne,  Report  No.  R-72S9-1,  Contract  No.  Nonr’  4428(00),  September  1967. 

427.  Rocketdyne,  Annual  Report  No.  R-6193,  Contract  No.  Nonr  4506(00),  "Mechanisms 

of  Light-Metal  Hydride  Reactions,"  June  1965. 

428.  Rocketdyne,  Final  Report  No.  R-6608,  Contract  No.  Nonr  4506(00),  June  1966. 

429.  Rocketdyne,  1st  Quarterly  Report  No.  R-6780-1,  Contract  No.  NOw  66-0639-d, 

"Verification  of  a  New  Liquid  Oxidizer,"  October  1966. 

430.  Rocket  Research  Corporation,  Report  No.  RRC-66-R-50(o),  Contract  No.  AP  04(611)- 

9713,  "Investigation  of  a  High-Energy  Monopropellant,"  December  1965. 

431.  Rocket  Research  Corporation,  Report  No.  RRC-66-R-50(o),  APRHj-'rR-66-250,  Contract 

No.  AP  04(611)-11S49,  "Evaluation  of  a  High  Energy  Monopropellant,"  September 
1966. 

432.  Rocket  Research  Corporation,  Report  Ho.  RRC-67-R-84,  AFRPL-'ER-67-103,  Contract 

No.  F04611-67-C-0058,  "Development  of  Low  '.Cemperatiu’e  Gas  Generator  Tech¬ 
nology,"  April  1967. 

433.  Rohm  and  Haas  Company,  Quarterly  Progress  Report  No.  P-64-28,  Contract  No.  DA-01- 

02I-0RD-11878,  "Synthetic  Chemistry,"  March  1965. 

434.  Rohm  and  Haas  Company,  Quarterly  Progress  Report  No.  P-65-1,  Contracts  Nos. 

DA-01-021-AMC -11536,  -11606,  -11040,  -10037,  -11660,  -11459,  -11669,  -11762; 
DA-01-021-0RD-11909,  -12341;  DA-01-021-506-0RD-785,  March  1965. 


435.  Rohm  and  Haas  Company,  Quarterly  Progress  Report  No.  P-6G-3,  Contracts  Nos. 
DA-01-021-AMG -11536,  -11608,  -11660,  -11040,  -10037,  -785;  DA-Oi-O21-ORD- 
11909,  -12341,  June  1965. 
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4S6.  Rohm  and  Haas  Company,  Quarterly  Progress  Report  No.  P-65-5,  Contracts  Nos. 

DA-01-021-AMC-10037,  -13040,  -11260,  -11536,  -11608,  -11660,  -11669,  -12289, 
-126395  DA-01-021-0RD-lia7a ,  -11909,  -12341;  DA-01-021-506-ORD-785 ,  December 
1965. 

437.  Rohm  and  Haas  Company,  Quarterly  Progress  Report  No.  P-66-1,  Contracts  Nos. 

DA-01-021-506-ORD-78S;  DA-01-021-AMC -10037 ,  -11536,  -12260,  -12639,  -13580, 
-13863,  -13869,  June  1966. 

457a.  Rohm  and  Haas  Company,  Quarterly  Progress  Report  No.  P-66-2,  Contracts  Nos. 
DA-01-021-AMC -10037,  -11536,  -12260,  -12639,  -13863,  -138645  DA-Ol-021- 
506-0RD-785,  June  1966. 

438.  Rolim  and  Haas  Company,  Quarterly  Progress  Report  No.  P-66-3,  Contracts  Nos. 

DA-01-021-AMC-10037(Z),  -11536,  -12260,  -12639,  -13863,  -13864,  -15365, 

-15414,  November  1966. 

439.  Rolua  and  Haas  Company,  Report  No.  P-66-4,  Contracts  Nos.  DA-01-021-0RD-785, 

DAAH01-67-C-0655,  DAAH01-67-C-0865,  DAAH01-67-C-0947 ,  nA-01-021-AMC-11037 ,  , 
-11536,  -12260,  -12639,  -13580,  -13863,  -13864,  -15365,  -15414, 

December  1966 . 

440.  Rohm  and  Haas  Company,  Special  Report  No.  SR-S-58,  "Development  of  a  New 

Process  for  the  Preparation  of  Tetrafluorohydrazine,"  April  1965. 

441.  Rolim  and  Haas  Company,  Report  No.  S-59,  Contracts  Nos.  DA-01-021-AMC-11536(Z) 

and  DA-01-021-ORD-11909(z) ,  "Advanced  Propellant ''Synthes is,"  June  10,  1965. 

442.  Rohm  and  Haas  Company,  Special  Report  No.  S-64,  Contract  No.  DA-01-021-0RD- 

12341,  "Development  of  a  Composite  Propellant,"  June  22,  1965. 

443.  Rohm  and  Haas  Company,  Report  No.  S-75,  Contracts  Nos.  DA-01-021-AMC -11536  and 

DA-01-021-0RD-11909(Z) ,  "A  Spectrographic  Technique  for  the  Study  of  Solid 
Propellant  Combustion,"  July  15,  1965. 

443a.  Rohm  and  Haas  Company,  Report  No.  S-79,  Contracts  Nos.  DA-01-021-ORD-11S78, 
-11909,  -11536,  "The  Explosive  Characteristics  of  NF  Compounds  and  Pro¬ 
pellants,"  October  1965. 

444.  Rohm  and  Haas  Company,  Report  No.  S-80,  Contract  No.  DA-01-021-ORD-11909(Z) , 

"Burning  Rates  of  Solid  Composite  Propellants  at  Pressures  up  to  20,000  psig," 
September  1966. 

445.  Rolim  and  Haas  Company,  Report  No.  S-84,  Contract  No.  DA-01-021-AMC-11040(Z) , 

"Oxidizer  Miscibility  Studies,"  August  1966. 

446.  Rohm  and  Haas  Company,  Report  No.  S-85,  Contract  No.  DA-01-021-AMC-11536(z) , 

"Ballistic  Characteristics  of  NI'  Propellants,"  October  1965. 
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447.  Rohm  and  Haas  Company,  Report  Ho.  S-86,  Contract  No.  DA -01-021-AMC -11536, 

"Advanced  Propellant  Synthesis,"  June  1965. 

448.  Rohm  and  Haas  Company,  Report  No.  S-88,  Contract  No.  DA-01-081-AMC-11536(Z) , 

"Preparation  and  Characterization  of  NF  Prepolymer  Propellants,"  October 

1965 . 

449.  Rohm  and  Haas  Company,  Report  No.  S-91,  Contract  No.  DA-01-021-AMC-11536(Z) , 

"Advanced  Propellant  Syrithesls,"  September  1965. 

450.  Rohm  and  Haas  Company,  Report  No.  S-88,  Contract  No.  DA-01-021-AMC-11536(Z) , 

"Evaluation  of  OPE,  A  New  NF  Propellant  Ingredient,"  December  1965. 

451.  Rohm  and  Haas  Company,  Report  No.  S-96,  Contracts  Nos.  DA-01-021-AMC-11536, 

DA-01-021-0RD-11909,  "Advanced  Propellant  Synthesis,"  December  1965. 

451a.  Rohm  and  Haas  Company,  Report  No.  S-102,  Contract  No.  DA-01-021-AMC-11536(Z) , 
March  1966 . 

452.  Rohm  and  Haas  Company,  Report  No.  S-103,  Contract  No.  01-021-AMC-11536(Z) , 

"The  Properties  of  a  New  Acrylic  Monomer,"  July  1966. 

452a.  Rohm  and  Haas  Company,  Report  No.  S-111,  Contract  No.  DA-01-021-AMC-11536(Z) , 
"Spectrographic  Studies  of  Solid  Propellant  Flames,"  October  1966. 

453.  Rohm  and  Haas  Company,  Report  No.  S-112,  Contract  No.  DA -01-021-AMC -11536, 

"Advanced  Propellant  Synthesis,"  September  1966. 

454.  Rohm  and  Haas  Company,  Report  No.  S-115,  Contract  No,  nA-01-021-AMC-11536, 

"Low  Temperatwe  Fluorination  of  Lewis  Bases,"  October  1966. 

455.  Rohm  and  Haas  Company,  Report  No.  S-118,  Contract  No,  DA-01-021-AMC-11536, 

"Advanced  Propellant  Synthesis,"  September  1966. 

456.  Rohm  and  Haas  Company,  Report  No.  S-119,  Contract  No.  DA -Ol-021-.AMr!- 11536, 

"The  Evaluation  of  PFG  Adducts,"  December  1966. 

457.  Rohm  and  Haas  Company,  Report  No.  S-121,  Contract  No.  DA-01-021-AMC-11536, 

"The  Role  of  HNO  in  the  Hg-NO  Reaction, "  November  1966 . 

458.  Rohm  and  Haas  Company,  Report  No.  S-128,  Contract  No.  DA-01-021-AMC-13S63, 

"Burning  Rate  Studies,"  May  1967. 

459.  Rohm  and  Haas  Company,  Report  No.  S-131,  Contracts  Nos.  DA-01-021-AMC-11536 , 

DAAH01-67-C-0655,  "ingredients  for  Advanced  Propellants,"  October-December 

1966 . 

460.  Holm  and  Haas  Company,  Report  No.  S-133,  Contracts  Nos.  DAAH01-67-C-0655, 

DA-01-021-AMC-11536,  "Smokeless  High  Energy  Propellants,"  May  1967. 
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461.  Rohm  and  Haas  Company)  Report  No.  S»1S4|  Contract  No.  DA.-01»021»AMC-1586S( Z) , 

(Nlke-X),  "Burning  Rate  Modifiers  for  Conventional  Composite  Propellants 
Made  with  Polybutadiene, "May  1967. 

462.  Rohm  and  Haas  Company,  Report  No.  S-137,  Contract  No.  DAAH01>67-C*0655, 

"Detection  of  Low  Levels  of  Tetrafluorohydrazine  In  Air,"  June  1967. 

463.  Rohm  and  Haas  Company,  Report  No.  S-136,  Contracts  Nos.  DAAH01-67-C-0655, 

DA-01-021-A1-1C-13863,  "Ingredients  for  Advanced  Propellants,"  July  1967. 

463a.  Rohm  and  Haas  Company,  Report  No.  S-147,  Contracts  Nos.  DAAH01-67-C-0655, 
-0947,  -0865,  DA -01-021-AMC -11536,  -13864,  "Safety  Considerations  In  the 
Development  and  Explosive  Characterization  of  Naval  Propellants,"  August 
1967. 

464.  Shell  Development  Company,  Annual  Summary  Report  No.  4,  AFRPL-TR-66-39,  Con¬ 

tract  No.  AF  04(611) -8168,  "Synthesis  of  High  Energy  Solid  Oxidizer  Binder 
Propellants,"  April  1966. 

465.  Shell  Development  Company,  Quarterly  Progress  Report  No.  10,  S-13969,  Con¬ 

tract  No.  AF  04(611) -8168,  August  1965. 

466.  Shell  Development  Company,  Quarterly  Progress  Report  No.  11,  S-13980,  Con¬ 

tract  No.  AF  04(611) -8168,  December  1965. 

466a.  Shell  Development  Company,  4th  Annual  Summary  Report,  AIRPL-TR -66-39,  Con¬ 
tract  No.  AF  04(611) -8168,  April  1966. 

467.  Shell  Development  Company,  1st  Quarterly  Progress  Report  No.  S-14004,  Con¬ 

tract  No.  AF  04(611) -11537,  "High  Energy  Plasticizers,"  June  1966. 

468.  Shell  Development  Company,  9th  Quarterly  Technical  Report  No.  S-13956,  Con¬ 

tract  No.  DA-31-124-AE0D-54,  "Fundamental  Research  on  Advanced  Oxidizers," 
February  1965 . 

469.  Shell  Development  Company,  Quarterly  Technical  Report  No.  10,  Contract  No. 

DA-31-124-AR0D-54,  May  1965. 

470.  Shell  Development  Company,  11th  Quarterly  Technical  Report  No.  S-13975, 

Contract  No.  DA-31-124-AR0D-54,  August  1965. 

471.  Shell  Development  Company,  Quarterly  Technical  Report  No.  12  and  Final  1965, 

S-13985,  Contract  No.  DA-31-124-AR0D-54,  November  1965. 

472.  Shell  Development  Company,  14th  Quarterly  Technical  Report  No.  S-14002,  Con¬ 

tract  No.  DA-31-124-AE0D-54,  May  1966. 
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475.  Stanford  Research  Institute ,  (Quarterly  Technical  Progress  Report  No.  7,  Con¬ 
tract  No.  AF  04(61l)-9S70,  "High  Energy  Oxidizers  in  Solution,"  April  1965. 

474.  Stanford  Research  Institute,  Annual  Technical  Progress  Report  No.  1,  AFRPL- 

TR -65-131,  Contract  No.  AF  04(611) -9370,  August  1965. 

475.  Stanford  Research  Institute,  Technical  Progress  Report  No.  10,  Contract  No. 

AF  04(611) -9370,  September  1965. 

476.  Stanford  Research  Institute,  Technical  Progress  Report  No.  11,  Contract  No. 

AF  04(611) -9370,  December  1965. 

477.  Stanford  Research  Institute,  Quarterly  Technical  Progress  Report  No.  IS,  Con¬ 

tract  No.  AF  04(611) -9370,  February  1966. 

478.  Stanford  Research  Institute,  Quarterly  Technical  Progress  Report  No.  13,  Con¬ 

tract  No.  AF  04(61l)-9370,  June  1966. 

479.  Stanford  Research  Institute,  Final  Technical  Progress  Report  No.  14,  AFRPL- 

TR-6G-326,  Contract  No.  AF  04(61l)-9370,  September  1966. 

460.  Stanford  Research  Institute,  Technical  Progress  Report  No.  4,  Contract  No. 

AF  04(61l)-9880,  May  1965. 

481.  Stanford  Research  Institute,  Annual  Summary  Report,  AiRPL-TR-6S-94,  Contract 

Ho.  AF  04(611) -9880,  "Formulation  and  Evaluation  of  Liquid  Propellant  Dis¬ 
persions,"  July  1965. 

482.  Stanford  Research  Institute,  Technical  Progress  Report  No.  5,  Contract  No. 

AF  04(611) -9880,  August  1965. 

483.  Stanford  Research  Institute,  Quarterly  Technical  Progress  Report  No.  7,  Con¬ 

tract  No.  AF  04(611) -9880,  June  1966. 

484.  Stanford  Research  Institute,  Final  Report  No.  67-0070,  AFRPL-TR-67-17,  Con¬ 

tract  No.  AF  04(61l)-9880,  March  1967. 

485.  Stanford  Research  Institute,  Technical  Progress  Report  No.  1,  Contract  No. 

AF  04(611) -10534,  "Solid  Propellant  Ignition  Studies,"  June  1965. 

486.  Stanford  Research  Institute,  Technical  Report  No,  67-77,  Final,  Contract  No. 

AF  04(611) -11547,  "Compilation  and  Review  of  Data  on  the  Sensitivity  and 
Stability  on  NF  Compounds;  A  Handbook,"  March  1967. 

486a.  Stanford  Research  Institute,  Special  Report,  AFRPL-TR-67-88,  Contract  No. 

AF  04(611) -11547,  "Review  and  Evaluation  of  NT  Sensitivity  Problems," 

March  1967, 
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